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© Catalysts for hydrotreating of hydrocarbons and methods of preparing the same. 

® Disclosed are catalysts for hydrotreating hydrocarbons and methods for preparing the same, and the catalyst 
is composed of a earner substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of 
aluminium, at least one selected from water-soluble compounds of metals of Group VI and Group VIII of the 
Periodic Table and at least one organic compounds selected from mercapto-carboxyilc acids of foFmula HS- 
(CHi)Q::COOR (where n is 1 to 3; R is H. alkali metal, alkaline earth metal or ammonium gorup or alkyi group with 
1-10 carbons), thio-acids of formula r'-COSH (where R' Is monovalent hydorcarbon with 1-15 carbons), amino- 
substituted mercaptans of formula HaN-R'-SH (R" is divalent hydrocarbon with 1-15 carbons), dimercaptans of 
formula HS-r'-SH (R" is same as above) and mercapto- alcohols of fomiula {RaS-R"-(OH)n (where R* is 
hydrocarbon with 1-15 carbons; Ra is H or alky I group with 1-2 carbons: and n is 1-2). and optionally phosphoric 
2 acid. The catalyst requires neither presulfurization nor heat-treatment and can directly be applied to hydrotreat- 
ing hydrocarbons. 
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CATALYSTS FOR HYDROTREATING HYDROCARBONS AND METHODS OF PREPARING THE SAME 



FIELD OF THE INVENTION 



Tne present invention relates to catalysts for hydrotreating hydrocarbons and methods of preparing the 
5 same. 



BACKGROUND OF THE INVENTION 

TO 

!n a so-called hydrotreatment of hydrocarbons where a hydrocarbon oil is hydrogenated. desulfurized. 
denitrogenated or decomposed in the presence of hydrogen, a catalyst composed of at least one metal 
selected from metals of Group VI of the Periodic Table and metals of Group VIII of the Periodic Table, as 
an active component, as canned on an inorganic oxide canier such as alumina (AijOg), silica-alumina {Sid- 
is AisOs). titania (TiOa) or the like is employed. As the metal of Group VI, molybdenum (iVto) and tungusten 
(W) are well utilized for the purpose; and as the metal of Group VIII, cobalt (Co) and nicitel (Ni) for the 
purpose. 

Such metal is generally carried on the carrier in the form of an oxide thereof, which, however, is inactive 
as it is. Accordingly, the catalyst is required to be activated by presulfurization thereby to convert the metal 

20 oxide into the corresponding sulfide prior to being applied to hydrotreating reaction. 

As a conventional means for such presulfurization which has hitherto been effected in general, a 
sulfurizing agent is introduced into the catalyst layer together with hydrogen, after the catalyst has been 
filled in a reactor where hydrotreating a hydrocarbon oil is to be effected. The operating conditior^ for 
presulfurization varies in accordance with the hydrotreating process and with the sulfurizing agent used. For 

25 instance, where hydrogen sulfide is used as the sulfurizing agent, the compound is incorporate^ into 
hydrogen in an amount of from 0.5 to 5 % by volume or so, and the hydrogen sulfide-containing hydrogen 
is applied to the catalyst in an amount of from 1000 to 3000 liters per liter of the catalyst (as calculated 
under the condition of normal temperature and normal pressure) and the presulfurization is effected at 
lao'C or higher (generally 250 *C or higher). Where carbon disulfide, normal-butyl mercaptan, dimethyl 

30 sulfide, demethyl disulfide or the like is used as the sulfurizing agent, the compound is diluted with a light 
hydrocarbon oil and is applied to the catalyst under the condition of a temperature of from 250 *C to 
350' C, a pressure of from 20 to 100 kg/cm^. a liquid space velocity of from 0,5 to 2.0 hr"'. and a 
hydrogen/oil ratio of from 200 to 1000 N-Irter/lrter, 

After completion of such presulfurization, the reaction system is substituted by a raw material oil which 

35 is actually to be processed and the intended hydrotreatment is started with the thus activated catalyst As 
the presulfurization has a significant influence on the success or not of the hydrotreatment to follow, 
pertinent selection of the materials to be employed in the process and careful operation of the process are 
required. Where a diluting agent is used, for instance, the agent must be a hydrocarbon oil free from olefins 
since olefins, if contained in the diluting agent would form a polymer product and the product would poison 

40 the hydrotreating catalyst. The catalyst metal would be passivated, when reacted with hydrogen at a high 
temperature to be reduced. Accordingly, in order to prevent such passivation, it is necessary to use an 
excess amount of the sulfurizing agent and tiie proportion of the sulfurizing agent and hydrogen must be 
maintained property. Further, altiiough such presulfurization is generally carried out for several days, it is 
not automated in most cases as the operation is a temporary one. In addition, the pre-sulfurization process 

45 requires some complicated treatment which is different from conventional one so that the labour load of the 
operators is extremely noticeable. Under the situation, omission of the pre-sulfurization step or at least 
reduction of the complicated operation of the step has been one problem in ttiis technical field. 
Recently, one metiiod has been proposed, which could meet the request 

The method is directed to presulfurization of an active metal-carried catalyst by impregnating the said 
50 catalyst witii a polysulfide of a general formula R-S(n)-R', where n represents an integer of from 3 to 20. 
and R and R each represent a hydrogen atom or an organic group having from 1 to 150 carbon atoms per 
one molecule, and heat-b^eating the thus impregnated catalyst under the condition of a temperature of 65 to 
275 C and a pressure of 0.5 to 70 bars and in the absence of hydrogen gas (Japanese Patent Application 
Laid-open No. 61-111144). 

In accordance with the method, the polysulfide as introduced Into the catalyst sulfurizes the active metal 
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by heat-treatment. Accordingly, where the above-mentioned presulfurization is carried out in a reactor, 
neither sulfurizing agent nor diluting agent is necessary and the operation is easy. In addition, the above- 
mentioned pre-suifurization may also be effected even outside the reactor. In such case, the presulfurized 
catalyst may be applied to the reactor whereupon the intended hydrotreatment may immediately be started 
5 thereafter. 

However, the amount of the poiysulfide to be used in the said method is a stoichiometricat amount 
necessary for sulfurizing the whole active metai oxide (for example. CoO, MnOa) in the catalyst by the 
successive heat-treatment thereof, and the poiysulfide is diluted in a pertinent organic solvent and then 
applied to the catalyst for Impregnation. Since the said poiysulfide is highly viscous, the viscosity would still 

10 be high even though it is diluted with an organic solvent and. as a result, there would be a problem that the 
poiysulfide would hardly be penetrated into the inside of fine pores of the catalyst. 

The catalyst to be treated by presulfurization is prepared by a method where an aluminium hydrate 
obtained from a starting material of sodium aluminate is shaped, dried and fired to give a y-alumina, and 
the resulting 7-alumina is impregnated with an aqueous solution of a water-soluble compound of an active 

75 metai and then dried and heat-treated so that the active metal is converted into the corresponding oxide 
form, or by a method where an aluminium hydrate is blended with an aqueous solution of a water-soluble 
compound of an active metal and then shaped, dried and fired so that the active metal is carried on a 
carrier composed of the resulting y-alumina in the form of the oxide form of the active metal. 



20 



SUMMARY OF THE INVENTION 
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The object of the present invention is to provide catalysts for hydrotreating of hydrocarbons, which can 
25 be prepared more simply and. more inexpensively than the above-mentioned conventional methods, which 
can be employed .in hydrotreatment without pre-sulfurizaticn and which can directly be applied to 
hydrotreatment without heat treatment, as well as to provide methods for preparing such catalysts. 

The present inventors earnestly studied so as to overcome the above-mentioned problems and to 
achieve the above-mentioned object and, as a result, have found that the object may be attained by 
employing a water-soiuble compound of a metal of Group VI and Group Vlll of the Periodic Table as the 
active ingredient together, with employment of an organic compound having one or two sulfurs m place of 
polysulfides and further employing phosphoric acid, and have hereby achieved the present invention. 

Specifically, the subject matter of the present invention is to provide a catalyst for hydrotreating of 
hydrocarbons, which is composed of a carrier substance consisting essentially of an oxide of aluminium 
and/or an oxide hydrate of aluminium, at least one selected from water-soluble compounds of metals of 
Group VI and Group Vlll of the Periodic Table and at least one organic compound selected from the group 
consisting of mercapto-carboxylic acids of a general formula: 
HS-{CH2)n*C0OR 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
40 alkaline earth metal, an ammonium group, or an alkyi group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 
R-COSH 

where R' represents a monovalent hydrocarbon group having from l to 15 carbon atoms, 
amino-substituted mercaptans of a general formula: 

45 H2N-R"-SH 

where r" represents a divalent hydrocarbon group having from i to 15 carbon atoms, 
dimercaptans of a general formula: 

hs-r'-sh 

where r' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, and 
50 mercapto-alcohols of a genera! formula: 
RaS-R''-{OH)„ 

where R- represents a hydrocarbon group having from 1 to 15 carbon atoms; Ra represents a hydrogen 
atom or an aikyi group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 2. 

In accordance with the nrs: embodiment of the present invention, the catalyst of the present invention is 
55 prepared by a method where a carrier substance consisting essentially of an oxide of aluminium and/or an 
oxide hydrate of aluminium is blended and kneaded with a solution containing at least one selected from 
water-soluble compounds of metals of Group Vl* and Group Vlll of the Periodic Table and at least one 
organic compound selected from the group consisting of mercapto-carboxylic acids of a general formula: 
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HS-(CH2)„-C00R. 

thio-acids of a general formula: 

r'-cosh. 

amino-substitutsd mercaptans of a general formula: ■ 
5 HaN-H'-SH. 

dimercaptans of a general formula; 
HS-r'-SH. and 

mercapto-alcohols of a general formula: 
RaS-R--(OH)„, 

10 and me resulting blend is shaped and dried to prepare the said catalyst. (In the said formulae, n. R. r'. r' 
and R" have the same meanings as mentioned above, and the same shall apply hereunder.) 

In accordance with the second embodiment of the present invention, the catalyst of the present 
invention is prepared by a method where a carrier substance consisting essentially of an oxide of aluminium 
and/or an oxide hydrate of aluminium is blended and kneaded with an aqueous solution of at least one 

js selected from water-soluble compounds of metals of Group VI and Group VIH of the Periodic Table, the 
resulting blend Is shaped and then temporarily dried, and the thus dried shaped body is impregnated with a 
solution of at least one organic compound selected from the group consisting of mercapto-carboxylic acids 
of a general formula: 
HS-{CH2)n*C00R, 

20 thio-acids of a general fonmula: 

r'-cosh, 

amino-substituted mercaptans of a general formula: 
HzN-r'-SH. 

dimercaptans of a general formula: 
25 HS-r'-SH, and 

mercapto-alcohols of a general formula: 
RaS-R'-<OH)„. 

and then again dried to prepare the said catalyst. 

In accordance with the third object of the present Invention, the catalyst of the present invention 
30 prepared by a method where a carrier substance consisting essentially of an oxide of aluminium and/or an 
oxide hydrate of aluminium is blended and kneaded with an aqueous solution of at least one organic 
compound selected from the group consisting of mercapto-carboxylic acids of a general formula: 
HS-(CH2)n-C00R. 
thio-acids of a general formula: 

35 r'-cosh, 

amino-substituted mercaptans of a general formula: 
HzN-R'-SH. 

dimercaptans of a general formula: 
HS-r'-SH, and 
40 mercapto-alcohols of a general formula: 
RaS-R-'-(OH)„, 

the resulting blend is shaped and then temporarily dried, and the thus dried shaped body is impregnated 
with an aqueous solution of at least one selected from water-soluble compounds of metals of Group VI and 
" Group VIII of the Periodic Table, and then again dried to prepare the said catalyst 

■45 In accordance with the fourth embodiment of the present invention, there is provided a catalyst for 
hydrotreating hydrocarbons, which comprises a shaped body of a mixture composed of a carrier substance 
consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium, at least one selected 
from water-soiubie compounds of metals of Group VI and Group VIII of the Periodic Table, a phosphoric 
acid, and at least one organic compound selected from the group consisting of mercapto-carboxylic acids 

so of a general formula: 
HS-{CH2)n-C00a- 
thio-acids of a general formula: 

r'-cosh. 

amino-substituted mercaptans of a general fonmula: 
55 H2N-R'-SH. 

dimercaptans of a general fomnula: 
HS-r"-SH. and 

mercapto-alcohols of a general formula: 

4 
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In dccordance with the fifth embodiment of the present invention, the catalyst of the fourth emood.ment 

of the present invention is prepared by a method where a carrier substance consisting essentially of an 

oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with a solution containing 
5 at least one selected from water-soluble compounds of metals of Group VI and Group Vltl of the Periodic 

Table, phosphoric acid and at least one organic compound selected from the group consisting of mercapto- 

carboxylic acids of a genera! formula: 

HS-(CH2)„-C00R, 

thio-acids of a general formula: 
ro r'-COSH, 

amino-substituted mercaptans of a general formula: 

H2N-R--SH, 

dimercaptans of a general formula: 
HS-R''-SH. and 
;5 mercapto-aicohols of a general formula: 

and^me^r^sulting blend is shaped and dried to prepare the said catalyst of the fourth embodiment of the 

present invention. , ^ . u 

in accordance with the sixth embodiment of the present invention, the catalyst of the fourth embodiment 
r 20 of the present invention is prepared by a method where a carrier substance consisting essentailiy of an 

^ oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with an aqueous solution 

comprising at feast one selected from water-soluble compounds of metals of Group VI and Group VII! of the 
Periodic Table and phosphoric add. the resulting blend is shaped and then temporarily dried, and the thus 
dried shaped body is impregnated with a solution of at least one orgnaic compound selected from the 
2s group consisting of mercapto-carboxylic acids of a general formula: 
HS-{CH2)„-C00R, 
thio-acids of a general formula: 

r'-cosh. 

amino-substituted mercaptans of a general formula: ^ 
30 HaN-R'-SH. 

dimercaptans of a general formula: 
HS-R"-SH. and 

mercapto-aicohols of a general formula: 

35 ^l^d "then dried to prepare the said catalyst of 

in accordance with the seventh embodiment of the present invention, the catalyst of the fourth 
embodiment of the present invention is prepared by a method where a carrier substance consisting 
essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with a 
r solution comprising at least one selected from water-soluble compounds of metals of Group Vi and Group 

^ 40 Vlll of the Periodic Table and at least one organic compound selected from tine group consisting of 

mercapto-carboxylic acids of a general formula: 
HS-{CH2)„-C00R, 
tiiio-acids of a general formula; 

r'-cosh, 

45 amino-substituted mercaptans of a general formula; 
HzN-R'-SH. 

dimercaptans of a general formula: 
HS-R'-SH. and 

mercapto-aicohols of a general formula: 

mf?rsu1ting blend is shaped and then temporarily dried, and the thus dried shaped body is i^P'-^g"^*^^ 
wiUi an aqueous solution of phosphoric acid and then again dried to prepare tine said catalyst of the fourth 

embodiment of the present invention. * , ^ *h<» fnnrth 

In accordance with the eighth embodiment of the present invention, the catalyst of the tourtn 
55 embodiment of the present invention is prepared by a method where a ^J"^^ 

essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded w^ a 
solution containing phosphoric acid and at least one organic compound selected from the group consisting 
of mercapto-carboxylic acids of a general formula: 
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HS-(CH2)„-C00R, 

thio-acids of a general formula: 

r'-cosh. 

amino-substituted mercaptans of a general formula: 
5 H2N-R"-SH, 

dimercaptans of a general formula; 
HS-r'-SH, and 

mercapto-alcohols of a general formula: 
RaS-R--{OH)„. 

10 the resulting blend is shaped and then temporarily dried, and the thus dried shaped body is impregnated 
with an aqueous solutionof at least one selected from water-soluble compounds of metals of Group VI and 
Group VIII of the Periodic Table and then again dried to prepare the said catalyst of fourth embodiment of 
the present invention. 

In accordance with the ninth embodiment of the present invnetion, the catalyst of the fourth embodi- 
;5 ment of the present invention is prepared by a method where a carrier substance consisitng essentially of 
an oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with an aqueous 
solution of at least one selected from water-soluble compounds of metals of Group VI and Group Vill of the 
Periodic Table, the resulting blend is shaped and then temporarily dried, and the thus dried shaped body is 
impregnated with a solution containing phosphoric acid and at least one organic compound selected from 
20 the group consisting of mercapto-carboxyiic acids of a general formula: 
HS-(CH2)„-CO0R. 
thio-acids of a general formula: 

r'-cosh. 

amino-substitutsd mercaptans of a general fonmuia: 
25 HsN-r'-SH. 

dinnercaptans of a general formula: 
HS-r'-SH. and 

mercapto-alcohols of a general fonmuia: 
RaS-R--{OH)„. 

30 and then again dried to prepare the said-catalyst of the fourth embodiment of the present invention. 

In accordance with the tenth embodiment of the present invention, the catalyst of the fourth embodi- 
ment of the present invention Is prepared by a method where a carrier substance consisting essentially of 
an oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with a solution of at 
least one organic compound selected from the group consisting of mercapto-carboxyiic acids of a general 

35 formula: 

HS-(CH2X,-CO0R, 

thio-acids of a general formula: 

r'-cosh, 

amino-substituted mercaptans of a general formula: 
40 HsN-R'-SH, 

dimercaptans of a general formula: 
HS-r'-SH, and 

mercapto-alcohols of a general formula: 
RaS-R--{OH)„, 

45 the resulting biend is shaped and then temporarily dried, and the thus dried shaped body is impregnated 
with an aqueous solution containing at least one selected from water-solbule compounds of metals of Group 
VI and Group VIII of the Periodic Table and phosphoric add, and then again dried to prepare the said 
catalyst of the fourth embodiment of the present Invention. 

In accordance with the eleventh embodiment of the present invention, the catalyst of the fourth 

50 embodiment of the present invention is prepared by a method where a carrier substance consisting 
essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is blended and kneaded with an 
aqueous solution of phosphoric acid, the resulting blend is shaped and then temporarily dried, and the thus 
dried shaped body is impregnated with a solution containing at least one selected from water-soluble 
compounds of metals of Group. VI and Group VIII of the Periodic Table and at least one organic compound 

55 selected from the group consisting of mercapto-carobxylic acids of a general formula: 
HS-<CH2)„-C00R. 
thio-acids of a general formula: 

r'-cosh. 
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ami no-substituted mercaptans of a general formula: 
H2N-r"-SH. 

dimercaptans of a general formula: 
HS-R"-SH. and 
5 mercaplo-alcohols of a general formuia: 
RaS-R--{OH)n. 

and then again dried to prepare the said catalyst of the fourth embodiment of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 



As the carrier substance for use in the present invention, which consists essentially of an oxide of 
aluminium and/or an oxide hydrate of aluminium, a 7-alumina or boehmite obtainable by heat-treating a 

IS hydrate of aiuminium is employed. Boehmite has a structural formula of AIO(OH) (or a chemical formuia of 
AI2O3.H20 as monohydrate of alumina), which is an aluminium oxide hydrate. Sodium aluminate is 
hydroiyzed to give a gel substance, and this is dehydrated by filter-pressing to prepare a dehydrated 
boehmite gel (hereinafter referred to as "dehydrated boehmite"); or the dehydrated boehmite is spray-dried 
(hereinafter referred to as "spray-dried boehmite"). These dehydrated boehmite and spray-dreid boehmite 

20 can be employed in the present invention. Boehmite is also prepared as a natural boehmite ore, which 
contains impurities of SiOa, FeOj, FezOs, MgO, CaO, etc. When heated, boehmite is dehydrated to y 
alumina, to 5-alumina and to e-alumina in order, and this finally becomes a-alumina (corundum) at 1100 to 
1200' C. Accordingly, as boehmite is an intermediate between aluminium hydroxide and aluminium oxide, it 
may be employed singly or may aiso be employed in combination with an active 7-alumina. Alternatively, 

25 only 7-alumina may also be employed as the carrier substance. In addition, silica or titania may be blended 
with the said compound and the resulting mixture may also be used as the carrier substance. 

As the water-soluble compounds of metals of Group Vl of the Periodic Table for use in the present 
invention, molybdenum (Mo) and tungsten (W) which are generally employed as active metds of catalysts 
are preferably employed as ammonium molybdate and ammonium tungstate respectively. Where molyb- 

30 denum trioxide and tungsten trioxide are employed, ammonia gas is applied thereto and they are used in 
the form of ammonium molybdate and ammonium tungstate. As the water-soluble compounds of metals of 
Group VIII of the Periodic Table for use in the present invention, cobalt (Co) and nickel (Ni) which are 
generally employed as active metals of catalysts are preferably employed as cobalt nitrate, cobalt 
carbonate, nickel nitrate and nickel carbonate. They are used singly or in combination, in the form of an 

35 aqueous solution. Where the water-soluble compounds of the said active metals are heated together with at 
least one of mercapto-carboxylic acids of a general formula HS-{CH2)„-C00R, thio-acids of a general 
formula r'-COSH, amino-substituted mercaptans of a general formula H2N-R -SH, dimercaptans of a 
general formula HS-r'-SH and mercapto-alcohols of a general formula RaS-R'-{OH)„ (hereinafter referred to 
"mercapto-carboxylic acids and other sulfurizing agents"), they form sulfides such as M0S2. WS2, CoS, NiS 

40 and the like which are highly active in hydrogenation reaction. 

In the mercapto-carboxylic acids and other sulfurizing agents for use In the present invention, the 
portion which is functional to sulfurization of active metals comprises one or two sulfur components in the 
molecule of the respective sulfurizing agent compounds. Accordingly, where the number of the carbon 
atoms in the hydrocarbon group in the molecule of the said sulfurizing agent compound is large, the portion 

45 which is functional as the sulfurizing agent in the molecule would thereby be relatively small and, as a 
result, not only the compound is uneconomical but also the compound would unfavirably bring superfluous 
carbons and hydrogens into the catalyst Because of such reason, the sulfurizing compounds to be 
employed in the present invention are prefered to have carbon atoms as few as possible. Specifically, the 
number of the carbon atoms in the compounds is preferably at most up to 15. More precisely, as the 

•50 mercapto-carboxylic acids of a general fomiula HS-(CH2)n-C00R (where n represents an integer of from 1 
to 3; and R represents a hydrogen atom, or an alkali metal, an alkaline earth metal, an ammonium group, or 
an alkyi group having from 1 to 10 carbon atoms), for example, mercapto-acetic acid (HSCH2COOH), 
mercaptOiDropionic acid {HSCH2CH2C00H) or the like mercapto-carboxylic acids as well as alkali metal 
salts, alkaline earth metal salts and ammonium salts thereof can be employed. In particular, metal ion-free 

55 acid type and ammonium salt type compounds which do not form any substance to be a catalyst poison to 
hydrogenation reaction are preferred. These can be used also together with phosphoric acid in the form of a 
phosphoric acid-containing acidic aqueous solution. In addition, there are also mentioned mercapto- 
carboxylic acid esters such as methyl mercapto-acetate (HSCHzCOOCHa), ethyl 2-mercapto-acetate 
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(HSCHjCOOCifHs). 2-ethylhexyi mercapto-acetats (HSCH^COOCsHw) or methyl 3-merc2pto-prcpionate 
(HSCHsCHsCOOCHa). As the thio-acids of a general formula R -COSH {where r' represents a hydrocarbon 
• group having from 1 to 15 carbon atoms), there are mentioned, for example, thio-acetic acid (CHjCOSH) 
and thio-benzoic acid (CgHsCOSH). As the amino-substituted mercaptans of a general formula H2N-R -SH 

5 (where R represents a divalent hydrocarbon group), for example, there are mentioned 2*aminoethane-thiol 
(HsNCH^CHjSH) and 4-aminothiophenol (H2NC€H4SH). As the dimercaptans of a general formula HS-R'- 
SH (where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, for example, 
there are mentioned ethanedithiol {HSCH2CH2SH) and 1 Abutanedithiol (HS(CH2)iSH). As the mercapto- 
aicohols of a general fromula RaS-R"-{OH)n (where R" represents an alkyi group having from 1 to i5 carbon 

JO atoms or a phenyl group; Ra represents a hydrogen atom or an alkyI group having from 1 to 2 carbon 
atoms; and n represents an integer of from 1 to 2). for example, there are mentioned 2-mercaptoethanol 
(HSCHzCHaOH). 2-{methylthio)ethanol (CHaSCHaCHaOH), 2-(ethylthio)ethanol (C2H5SCH2CH2OH). 3- 
mercapto-2-butanol {CH3CH(SH)CH{OH)CH3), 4-mercaptophenol (HSCsHiOH). 2-(methyihtio)phenol 
(CHsSCfiHiOH), 4-(methylthlo)phenol {CHgSCsH^OH). 2-(ethyIthio)phenol (CaHsSCsH^OH). 3-mercapto-1 ,2- 

75 propanediol (HSCH:CH2(OH)CH20H), 3-methylthio-1.2-propanediol (CH3SCH2CH2{OH)CH20H) and 3- 
ethylthio-1,2-propanedioi (C2H5SCH(OH)CH20H). The said examples of the compounds are preferably 
employed in the present invention but do not whatsoever restrict the scope of the present invention. 

Regarding the content of the metals of Group VI and Group VII! of the Periodic Table in the catalyst as 
the active metaJ component therein, where the catalyst contains only one kind of the said active metals, the 

20 content of the metal in the catalyst is prefen-ed to fall within the scope of from 1 to 30 % by weight as the 
oxide of the active metal. On the other hand, where the catalyst contains both the meta) of Group VI and the 
metai of Group VIII in combination, it is preferred that the content of the metal of Group VI is from 5 to 30 
% by weight and that of the metia of Group VIII is from 1 to 8 % by weight both as the oxides of the said 
metais. 

25 The amount of the mercapto-carobxyllc acids and other sulfurizing agents to be used in accordance 
with the present invention is preferably from 1 to 3 equivalents to the sulfur amount necessary for forming 
sulfides, which are highly active in hydrogenation reaction, such as M0S2. WS2, CoS or NiS, from the 
metals of Group VI and Group VIII of the Periodic Table, if the amount is less than one equivalent the 
activity could not be attained sufficiently. On the other hand, if it is more than three equivalents, the activity 

30 would be no more augmented. Accordingly, the amount falling within the said range is proper. 

Phosphoric acid may be incorporated into the catalyst In an amount of about 3 % by weight or so as 
P2O5 

The catalyst of the present invention can be prepared from the above-mentioned raw materials in the 
' ' proportion as mentioned above. In accordance with the methods mentioned below. As the first method, the 

35 carrier substance, the active metal and the sulfurizing agent are kneaded, shaped and dried (Method I). As 
the second method, the carrier substance and the active metal are blended, shaped and dried, and the 
dried shaped body is impregnated with the sulfurizing agent solution and re-dried (Method il). As the third 
method, the carrier substance and the sulfurizing agent are kneaded, shaped and dried, and the dried 
shaped body is impregnated with the active metal solution and re-dried (Method III), As the fourth method, 

40 the canrier substance, the active metal, phosphoric acid and the sulfurizing agent are kneaded, shaped and 
dried (Method IV). As the fifth method, the carrier substance, the active metal and phosphoric acid are 
kneaded, shaped and dried, and the dried shaped body is impregnated with the sulfurizing agent solution 
and re-dreid (Method V). As the sixth method, the carrier substance, the active metal and the sulfurizing 
agent are kneaded, shaped and dried, and the dreid shaped body is impregnated with phosphoric acid 

45 solution and re-dreid (Method VI). As the seventh method, the carrier substance, phosphoric acid and the 
sulfurizing agent are kneaded, shaped and dried, the the dried shaped body is impregnated with the active 
metal solution and re-dried (Method VII). As the eighth method, the carrier substance and the active metIa 
are kneaded* shaped and dried, and the dried shaped body is impregnated with a solution containing 
.phosphoric acid and the sulfurizing agent and then re-dried (Method VIII). As the ninth method, the carrier 

50 substance and the sulfurizing agent are kneaded, shaped and dried, and the dried shaped body is 
impregnated with a solution containing the active meta! and phosphoric acid and then re-dried (Method IX). 
As the tenth method, the carrier substance and phosphoric acid are kneaded, shaped and dried, and the 
dried shaped iDOdy is impregnated with a solution containing the active metal and ttie sulfurizing agent and 
then re-dried (Method X). 

55 As the solvent for dissolving the water-soluble compounds and sulfides of the active metals, water is 
most economically employed. 

The drying temperature in the said methods preferably falls within the scope of from 50 to 200* C; and 
the drying time therein preferably falls within the scope of from 2 to 20 hours. 
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For practical use ot the catalysts as prepared by the methods of the present invention, the freshly dried 
catalyst may be Hiled in a reactor column and can be utilized for hydrotreating a hydrocarbon oil in the 
column. The water content in the catalyst as introduced thereinto in the course of the step of preparing the 
catalyst may be dried and removed therefrom after the catalyst has been put in the reactor column. 

Since the catalyst of the present invention contains the mercapto-carboxylic acid and other sulfurising 
agent in the form as carried on the carrier substance together with the water-soluble compound of the active 
metal, the active metal can be converted into the sulfide thereof in the course of the step of elevating the 
temperature of the reaction system up to the reaction temperature for dehydration and desuifurization of the 
hydrocarbon oil to be processed with the catalyst and, as a result, the catalyst can directly be utilized in the 
hydrodesuffurization for the hydrocarbon oil without presulfurization of the catalyst 

In addition, the catalystsof the present invention have a higher activity than the conventional catalysts 
which require presulfurization. Although not ciarined as yet. the reason is considered that the mercapto- 
carboxylic acids and other sulfurizing agents would form a soluble coordination compound (metal mercap- 
tide) together with the water-soluble compounds of the active metais and the resulting soluble coordinate 
compound would be carried on the carrier substance in a highly dispersed form. 

The following examples are intended to illustrate the present invention in more detail but not to limit it in 
any way. 

In the following examples, all the catalysts were shaped by extrusion mouiing into a cylmdncal shape 
having a diameter of 1 .6 mm and a length of fronn 3 to 5 mm. 

The catalyst activity was evaluated on the basis of hydrodesulfurization of Kuwait straight-njn light gas 

oil (KSRLGO). 

The KSRLGO used in the reaction had the following property. 



Specific Gravity (IBM* C) 


0.844 




Sulfur Content (% by weight) 


1.13 V 




Nitrogen Content (ppm by weight) 


162 ^ 




Distillation Characteristic: 






Initial Boiling point (* C) 


203.3 




50 vol.% Point ('C) 


299.0 




End Point (' C) 


391 .8 





The reaction was effected by the use of a flow method reaction device, under the following reaction 
conditions. 



Amount of Catalyst 

Liquid Hourly Space Velocity of Raw Material 01! 
Reaction Pressure (hydrogen pressure) 
Reaction Temperature 
Hydrogen/Oil Ratio 
Oil-Introducing Time 



3 ml 
2.0 hr-' 
30 kg/cm2 
330 'C 
300 N-!iter/liter 
a hr 



The oil being processed was sampled every two hours, and the sulfur content in the oil and the 
desuifurization percentage were obtained. The desuifurization percentage as mentioned in the following 
examples indicates an average of the values of the desuifurization percentage as obtained from the sulfur 
content in the processed oil as sampled four hours, six hours and eight hours after the start of the reaction. 



EXAMPLE 1_: (Method-!) 

21 1.1 g of 50 wt,% ammonium thioglycolate was added to 300 ml of a solution prepared from 37.0 g 
molybdenum trioxide.-15.8 g of cobalt carbonate (Co content: 49.1 wt%), ammonia gas.and water to obtj 
a metal mercaptide solution (pH 7.0). 

The metal mercaptide solution and 272 g of spray-dried boehmite powder (AlaOa: 73.5 wt.%) were p 
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in a kneader and kneaded to obtain a blend, which was then shaped. 

The shaped body was dried at 100 ' C for 16 hours to prepare a catalyst (Catalyst-1). 
The breaking strength of the Catalyst-1 was 1 .5 kg/mm or more. 

Regarding the active metaf content in the Catalyst- 1. molybdenum content was r§^/o by weight as 
5 M0O3. and cobalt content was ^ % hy wBight a<; CnO The amount of ammonium thioglycolate used was 
1.5 times of the theoretical amount of sulfur necessary to convert Mo and Co into MoSz and CoS. 
respectively. 

The desulfurization percentage with the Catalyst-I was 84.1 %. 

TO 

EXAMPLE 2: (Method I) 

1 47.4 g of 50 wt.% ammonium thioglycolate solution was added to 300 ml of a solution prepared from 
37.0 g of tungsten trioxide. 15.8 g of cobalt carbonate (Co content: 49.1 wt.%), ammonia gas and water to 
15 obtain a metal mercaptide solution (pH 7.5). 

The metal mercaptide solution and 272 g of the same spray-dried boehmite powder as that used in 
Example 1-were put in a kneader and keaded to obtain a blend, which was then shaped. 

The shaped body was dried at 1 00* C for IS hours to prepare a catalyst (Catalyst-2). 

The breaking strength of the Catalyst-2 was 1 .5 kg/mm or more. 
20 Regarding the active metal content in the Catalyst-2, tungsten content was 15 % by weight as WO3. 
and cobalt content was 4 % by weight as CoO. The amount of ammonium thioglycolate used was 1 .5 times 
of the theoretical amount of sulfur necessary to convert W and Co into WS2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-2 was 83.0 % 

25 

EXAMPLE 3: (Method 11) 

,1 

400 ml of an aqueous solution (pH 8.0) was prepared from 37.0 g of molybdenum trioxide. 15.8 g of 
cobalt carbonate (Co content 49.1 wt%), ammonia gas and water. ' ^ 

30 The solution and 272 g of the same spray-dried boehmite powder as that used in Example 1 were put 
in a kneader and kneaded to obtain a blend, which was then shaped. 

The shaped body was dried for 16 hours at 100* C. Next, the dried body was impregnated with 120 ml 
of an aqueous solution containing 109.1 g of mercapto-acetic acid and then dried for 16 hours at 100* C. 
Accordingly, Catalyst-3 was prepared. 
35 The breaking strength of the Catalyst-3 was 1 .5 kg/mm or more. 

Regarding the active metal content In the Cataiyst-3, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of mercapto-acetic add used was l .5 
times of the theoretical amount of sulfur necessary to convert Mo and Co into MoS2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-3 was 82.9 %. 

40 

EXAMPLE 4: (Method III) 

272 g of the same spray-dried boehmite powder as that used in Example 1 and 300 ml of an aqueous 
45 solution containing 211.1 g of 50 wt% ammonium thioglycolate were put in a kneader and kneaded to 
obtain a blend, which was then shaped. 

The shaped body was dried at lOO'C for 16 hours. The dreid shaped body was then completely 
dipped In 150 ml of a solution prepared from 37.0 g of molybdenum trixoide, 15.8 g of cobalt carbonate (Co 
content 49.1 wl%), ammonia gas and water (pH 7.5) and thereafter dried at 100* C for 16 hours. The said 
50 operation was repeated twice, and accordingly CataIyst-4 was prepared. 
The breaking strength of the Catalyst-4 was 1 .5 kg/mm or more. 

Regarding the active metal content of the Catalyst-4. molybdenum content was 15 % by weight as 
MoN3 and cobalt content was 4 % by weight as CoO. The amount of ammonium thioglycolate used was 1 .5 
times of the theoretical amount of sulfur necessary to convert Mo and Co into MoSz and CoS. respectively, 
55 The desulfurization percentage with the Catalyst-4 was 83.6 %. 



EXAMPLES 5. 6 AND 7: (Method IV) 
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72.7 g Of mercapto-acstic acid was added to 300 ml of a solution prepared from 38.5 g of moiybdenum 
trioxide, 16.4 g of cobalt carbonate (Co content: 49.1 wt.%). 12.5 g of 85 wt.% phosphoric acid and water to 
obtain a phosphoric acid-containing metal mercaptide solution (pH O.S). 

The metal mercaptide solution and 673 g of dehydrated boehmite (AI2O3: 29.7 wt.%) were put in a 
5 heating kneader and kneaded with heating at 95' C so as to evaporate the excess water, to obtain a blend, 
which was then shaped. 

The shaped body was dried at 100* C for 16 hours to obtain a catalyst {Catalyst-5). 

Catalyst-6 and Catalyst-7 were prepared in the same nnanner as above, except that mercapto-acetic 
acid was used in an annount of 109.1 g and 145,5 g. respectively. 
;o The breaking strength of the Catalysts 5, 6 and 7 was l .5 kg/mm or more. 

Regarding the active metal, content in the Catalysts 5. 6 and 7. motybdenum content was 15 % by 
weight as MoOo, cobalt content was 4 % by weight as CoO and phosphorus content is 3 % by weight as 
PzOs. The amount of mercapto-acetic acid used was 1,0 time. 1.5 times and 2.0 times, respectively, of the 
theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, respectively. 
15 The desulfurization percentage with each of the Catalysts 5. 6 and 7 was 82,5 %. 83.5 % and 82.0 %. 
respectively. 



EXAMPLE 8: (Method IV) 

20 

109.1 g of mercapto-acetic acid was added to 3C0ml of a solution prepared from 38.5 g of molybdenum 
trioxide. 16.4 g of cobait carbonate (Co content: 49.1 wt.%). 12.5 g of 85 wt.% phosphoric acid and water, 
to obtain a phosphoric acid-containing metai mercaptide solution (pH 0.6). 

The metal mercaptide solution and 272 g of the same spray-dried boehmite pwoder as that used in 
2S Example 1 were put in a kneader and keaded to obtain a blend, which was then shaped. 

The shaped body was dried at 100* C for 16 hours to prepare a catalyst (Catalyst-8). 

The breaking strength of the Catalyst-8 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-fi, molybdenum content was 15 %i by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
30 amount of mercapto-acetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-8 was 8.18 %. 



35 EXAMPLE 9: (Method IV) 

109.1 g of mercapto-acetic acid was added to 300 ml of a solution prepared from 38.5 g ofmolybdenum 
trioxide, 16.4 g of cobalt carbonate (Co content: 49.1 wt.%). 12.5 g of 85 wt.% phosphoric acid and water, 
to obtain a phosphoric acid-coiitainign metal mercaptide solution (pH 0.6). 

The metai mercaptide solution and 200 g of 7-a!umina powder were put in a keander and kneaded to 
obtain a blend comprising the said -ralumina and meta! mercaptide. This was thereafter shaped. 

The shaped body was dried at 1 CO* C for 16 hours to prepare a catalyst (Catalyst-9). 

The breaking strength of the Catalyst-9 was 1 .5 kg/mm or more. 

Regarding the active metal content In the Catalyst-9, molybdenum content was 15 % by weight as 
45 M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of mercapto-acetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co Into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-9.was 81.5 %. 

50 

EXAMPLE 10: (Method IV) 

106.8 g of mercapto-propionic acid was added to 300 ml of a solution prepared from 38.5 g of 
molybdenum tiioxide. 16.4 g of cobalt carbonate (Co content 49.1 wt.%), 12.5 g of 85 wt.% phosphoric 
55 acid and water, to obtain a phosphoric acid-containing metal mercaptide solution (pH 0.7). 

The metal mercaptide solution and 673 g of the same -dehydrated boehmite as that used in Examples 
5, 6 and 7 were put in a heating kneader and kneaded with heating at 95* C so as to evaporate the excess 
- water therefrom, to obtain a blend, which was then shaped. 
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The shaped body was dried at 100 ' C for 16 hours to prepare a catalyst (Catalyst- 1 0). 
The breaking strength of the Catalyst-10 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-10, molybdenum content was 15 % fay weight as 
MoOj, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
5 amount of mercapto-propionic acid used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into M0S2 and CoS, respectively. ■ 

The desulfurization percentage with the Catalyst-10 was 86.0 %. 



70 EXAMPLE Vj^: (Method fV) 

219.6 g of 50 wt.% ammonium thtoglycolate solution was added to 300 ml of a solution prepared from 
38.5 g of molybdenum trioxide, 16.4 g of cobalt cartxinate (Co content: 49.1 wt.%), 12.5 g of 85 wt.% 
phosphoric acid and water, to obtain a phosphoric acid-containing metal mercaptide solution (pH 5.2). 
75 The metal mercaptide solution and 673 g of the same dehydrated boehmite as that used in Examples 
5. 6 and 7 were put in a heating kneader and kneaded with heating at 95* C so as to evaporate the excess 
water therefrom, to obtain a blend, which was then shaped. 

The shaped body was dried at 100* C for 16 hours to prepare a catalyst {Catalyst-1 1 ). 

The breaking strength of the Catalyst-il was 1.5 kg/mm or more, 
20 Regarding the active metal content in the Catalyst-1 1, molybdenum content was 15 % by weight as 
MoOa. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PaOs, The 
amount of ammonium thioglycoate sued was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-1 1 was 83.4 %. 

25 

EXAMPLE 12: (Method IV) • 1 

154.8 g of mercapto-acetic acid was added to 300 ml of a solution prepared from 57.5- ig of 
30 molybdenum trioxide, 20.9, g of nickel cariDonate (Ni content 43.3 wt%), 30.4 g of 85 wt.% phosphoric acid 
and water, to obtain a phosphoric acid-containing metal mercaptide solution (pH 0.2). 

The metal mercaptide solution and 272 g of the same spray-dried boehmite powder as that used in 
Example 1 were put In a kneader and keanded to obtain a blend, which was then shaped. 
The shaped body was dried at 100 ' C for 16 hours to prepare a catalyst (CataIyst-12). 
35 The breaking strength of the Catalyst-1 2 was 1.5 kg/mm or more. 

Regarding the active metal content of the Catalyst-J2, molybdenum content was 15 % by weight as 
M0O3. nickel content was 4 % by weight as NiO and phosphorus content was 6.5 % by weight as P2O5. 
The amount of mercapto-acetic acid used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and NI into MoS2 and NiS, respectively, 
40 The desulfurization percentage with the catalyst was 84.2 %. 



EXAMPLE 13: (Method V) 

4S 400 ml of an aqueous solution (pH 2.0) was prepared from 38.5 9 of molybdenum trioxide. 1 6.4 g of 
cobalt cartDonate (Co content 49.1 wt%), 12.5 g of 85 wt.% phosphoric add and water. 

The solution and 272 g of the same spray-dreid boehmite powder as that used in Example 1 were put 
in a kneader and kneaded to obtain a blend, which was then shaped. 

The shaped body was dried at 100 ' C for 16 hours. Next, the dried body was completely impregnated 
50 with 150 ml of an aqueous solution containing 109.1 g of mercapto-acetica cid and then again dried at 
100* C for 16 hours. Accordingly, Catalyst-1 3 was prepared. 

The breaking strength of the Cata!yst-13 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-1 3, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 %^by weight as CoO and phosphorus content is 3 % by weight as PzOs. The 
55 amourrt of mercapto-acetic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-1 3 was 77.8 %. 
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EXAMPLE 14: (Method V!) 

219.6 g of 50 wt.% ammonium thioglycoiate was added to a solution prepared from 38.5 g of 
molybdenum trioxide. 16.4 g of cobalt carbonate {Co contem: 49.1 wt.%), ammonia gas and water, to obtain 
5 300 ml of a metal mercaptide solution (pH 7.0). 

The metal mercaptide solutionand 272 g of the same spray-dried boehmite powder as that used in 
Example 1 were put in a kneader and kneaded to obtain a blend, which was then shaped. 

The shaped body was dried at lOO'C for 16 hours. Next, the dried body was completely impregnated 
with 50 ml of an aqueous solution containing 12.5 g of 85 wt.% phosphoric acid and then again dried at 
to 100* C for 16 hours. Accordingly, Catalyst-U was prepared. 

The breaking strength of the Catalyst- 14 was 1 .5 kg/mm or more. 

Regarding the active metia content in the Catalyst- 14, molybdenum content was 15 % by weight as 
MoOa, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PaOs The 
amount of ammonium thioglycoiate used was 1 .5 times of the theoretical amount of sulfur necessary to 
fS convert Mo and Co into MoSz and CoS, respectively. 

The desulfurization percentage with the Catalyst-14 was 82.8 %. 



C 



EXAMPLE 15; (Method VI!) 



20 



272 g of the same spray-dried boehmite as that used in Example 1 and 300 ml of an aqueous solution 
containing 109.1 g of mercapto-acetic acid and 1^5 g of 85 wt.% phosphoric acid were put in a kneader 
and kneaded, and the resulting blend was shaped. 
The shaped body was dried at 100* C for 16 hours. 
25 The dried body was completely impregnated with 150 ml of a solution (pH 7,5) prepared from 38.5 g of 
molybdenum trioxide, 16.4 g of cobalt carbonate (Co content 49.1 wt.%). ammonia gas and water and then 
again dried at 100* C for 16 hours. Accordingly. Catalyst-15 was prepared. 
The breaking strength of the Catalyst-15 was 1.5 kg/mm or more, 

Regarding the active metal content in the Catalyst-15. molybdenunn content was 15 % by weight as 
00 M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PzOs. The 
amount of mercapto-acetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-15 was 83.5 %. 



35 



EXAMPLE 16: (Method Vill) 



300 mi of a solution (pH 7.0) prepared from 38.5 g of molybdenum trioxide, 16.4 g of cobalt carbonate 
r (Co content 49.1 wt.%), ammonia gas and water and 272 g of the same spray-dried boehmite powder as 

40 that used in Example 1 were put in a kneader and kneaded to obtain a blend, which was then shaped. 

The shaped body was dried at 100* C for 16 hours. Next, the dried body was completely impregnated 
with 200 ml of an aqueous solution containing 12.5 g of 85 wt.% phosphoric acid and 109.1 g of mercapto- 
acetic acid and then again dried at 100 " C for 16 hours. Accordingly. Catalyst-16 was prepared. 
The breaking strength of the CataIyst-16 was 1.5 kg/mm or more. 
45 Regarding the active metal content in the Catalyst-iB. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2OS. The 
amount of mercapto-acetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into MoSz and CoS, respectively. 

The dessuifurization percentage with the Catalyst-16 was 83.2 %. 



so 



EXAMPLE 17: (Method IX) 

272 g of the same spray-dried boehmite powder as that used in Example 1 and 300 ml of an aqueous 
55 solution containing 109.1 g of mercapto-acetic acid were put in a kneader and kneaded, and the resulting 
biend was shaped. The shaped body was dried at 100* C for 16 hours. 

The dried shaped body was completely impregnated with 100 ml of a solution (pH 2.0) prepared from 
38.5 g of molybdenum trioxide, 16.4 g of cobalt carbonate (Co content 49.1 wt.%). 12.5 g of 85 wt.% 
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phosphoric acid and water and then again dried at 100 'C for 16 hours. Accordingly, Catalyst-17 was 
prepared. 

The breaking strength of the Catalyst-17 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-17, molybdenum content was 15 % by weight as 
5 M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2OS. The 
amount of mercapto-acetic add used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into MoSj and CoS. respectively. 

The desulfurization percentage with the Cataiyst-17 was 84.2 %. 

10 

EXAMPLE 18: {Method X) 

272 g of the same spray-dried boehmite powder as that used in Example 1 and 300 ml of an aqueous 
solution contianing 12,5 g of 85 wt.% phosphoric acid were put in a kneader and kneaded, and the resulting 
75 blend was shaped. 

The shaped body was dried at 100 ' C for 16 hours. 

The dreid shaped body was completely impregnated with 250 ml of a solution {pH 6.2} of a metal 
mercaptide obtained by adding 219.6 g of ammonium thioglycolate to a solution prepared from 38.5 g of 
molybdenum trioxide, 16.4 g of cobalt carbonate {Co content 49.1 wt%), ammonia gas and water, and then 
20 again dried at 100* C for 16 hours. Accordingly. Catalyst-IS was prepared. 

The breaking strength of the Catalyst-IS was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-18, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as- CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of ammonium thioglycolate used was 1.5 times of the theoreticaJ amount of sulfur necessary to 
. 25 convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the CataIyst-18 was 83.0 %. 

■ 1 



Example 19: (Method I) 

20 

Catalyst-19 was prepared in the same manner as Example 1. except that 102.7 g of methyl 
mercaptoacetate was used as the sulfurizing agent 

The breaking strength of the CataJyst-19 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-19, molybdenum content was 15 % by weight as 
35 MoOa and cobalt content was 4 % by weight as CoO. The amount of methyl mercapto-acetate used was 
1.5 times of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS. 
respectively. 

The desulfurization percentage with the Catalyst-19 was 82.7 %. 



Example 20: (Method-I) 

Cataiyst-20 was prepared in the same manner as Example 2, except that 71 .7 g of methyl mercapto- 
acetate was used as the sulfurizing agent. 
45 The breaking strength of the Cataiyst-20 was 1.5 kg/mm or more. 

Regarding the active metal content in the Cataiyst-20, tungsten content was 15 % by weight as WOa 
and cobait content was 4 % by v/eight as CoO. The amount of methyl mercapto-acetate used was 1 .5 times 
of the theoretical amount of sulfur necessary to convert W and Co into WSz and CoS, respectively. 

The desulfurization percentage with the Catalyst-20 was 82.1 %. 



EXAMPLE 21 : (Mehtod II) 

Catalyst-21 was prepared in the same manner as Example 3, except that 11 6.3 g of methyl 3-mercapto- 
55 propionate was used as the sulfurizing agent 

The breaking strength of the Catalyst-21 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-21, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of methyl 3-mercapto-propionate used 
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was 1.5 times of the theoretical amount of suifur necessary to convert Mo and Co into M0S2 and CoS. 
respectively. 

The desulfurization percentage with the Cataiyst-21 was 81.0 %. 
EXAMPLE 22: (Method 111] 

Catalyst-22 was prepared in the same manner as Example 4, except that 116.3 g of ethyl 2.mercapto- 
acetate was used as the sulfurizing agent. 
} The breaking strength of the Cataly3t-22 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-22. molybdenum content was 15 % by weight as 
MoOj and cobalt content was 4 % by weight as CoO. The amount of ethyl 2-mercapto.acetate used was 
1.5 times of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS. 
respectively. 

5 The desulfurization percentage with the Catalyst- 22 was 81 .5 %. 
EXAMPLE 23: (Method IV) 

0 Catalyst-23 was obtained in the same manner as Example 5. except that 106.8 g of methyl mercapto- 
acetate was used as the sulfurizing agent 

The breaking strength of the Catalyst-23 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-23. molybdenum content was 15 % by we^t^t as 
M0O3 cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
-5 amount of methyl mercapto-acetate used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into MOSa and CoS, respectively. 

The desulfurization percentage with the Cataiyst-23 was B22 %. ^ 

30 EXAMPLE 24: (Method IV) ^ 

Catalyst-24 was obtained in the same manner as Example 8. except that 106.8 g of methyl mercapto- 
acetate was used as the sulfurizing agent. 

The breaking strength of the Cataiyst-24 was 1 .5 kg/mm or more. 
35 Regarding the active metal content in the Catalyst-24. molybdenum content was 15 % by weight as 
MoOa cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of methyl mercapto-acetate used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo anc Co Into MoSz and CoS, respectively. 

The desulfurization percentage with the Catalyst-24 was 83.0 %. 



40 



EXAMPLE 25: (Method IV) 

Catalyst-25 was prepared in the same manner as Example 9. except that 120.9 g of methyl 3-mercapto- 
45 propionate was used as the sulfurizing agent. 

The breaking strength of the Catalyst-25 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-25. molybdenum content was 15 % by ^^^^^J^^ 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. ine 
amount of methyl 3-mercapto-propionate used as 1.5 times of the theoretical amount of sulfur necessary to 
50 convert Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-25 was 8Z0 %. 



EXAMPLE 25: (Method IV) 

Catalyst-26 was prepared in the same manner as Example 5. except that 120.9 g of methyl 3-mercapto- 
propionate was used as the sulfurizing agent. 

The breaking strength of the Catalyst-26 was 1 .5 kg/mm or more. 
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Regarding the active metal content in the Catalyst-26. molybdenum content was 15 % by weight as 
MoOa. cobalt content was 4 % by weigiit as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of mehtyl 3-mercapto-prGpionate used as 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Cataiyst-26 was 81.1 %. 



EXAMPLE 27: (Method IV) 

Catalyst-27 was prepared in the same manner as Example 8. except that 120.9 g of methyl 3-mercapto- 
propionate was used as the sulfurizing agent 

The breaking strength of the Catalyst-27 was 1.5 kg/mm or more. 

Regarding the active metal content in the Caialyst-27, molybdenum content was 15 % by weight as 
M0O2. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of methyl 3-mercapto- propionate used as 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into MoSa and CoS, respectively. 

The desulfurization percentage with the Catalyst-27 was 81.5 %. 



EXAMPLE 28: (Method IV) 

Cataiyst-28 was prepared In the same manner as Example 12, except that 151.6 g of methyl mercapto- 
acetate was used as the sulfurizing agent 

The breaking strength of the Catalyst-28 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-28, molybdenum content was 20 % by weight as 
M0O3. nickel content was 4 % by weight as MO and phosphorus content was 6.5 % by weight as P2O5. 
The amount of methyl mercaptoacetate used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Ni into M0S2 and NiS, respectively. 

The desulfurization percentage with the Cataiyst-28 was 79.0 %. " ^ 



EXAMPLE 29: (Method V) 

CataJyst-29 was prepared in-tthe same manner as Example 13. except that 106.8 g of methyl mercapto- 
acetate was used as the sulfurizing agent 

The breaking strength of the Catalyst-29 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-29, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5 The 
amount of methyl mercapto-acetate used was 1 .5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-29 was 81.8 %. 



EXAMPLE 30: (Method VI) 

Catalyst-30 was prepared in the same manner as Example 14, except that 120.9 g of ethyl 2-mercapto- 
acetate was used as the sulfurizing agent 

The breaking sgrength of the Catalyst-30 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-30. molybdenum content was 15 % by eight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus corrtent was 3 % by weight as P2O5. The 
amount of ethyl 2-mercapto-acetate used was 1 .5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-X was 81.8 % by weight 



EXAMPLE 31^: (Method VII) 

Catatyst-31 was prepared in the same manner as Example 15, except that 205.5 g of 2-ethylhexyl 
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mercapto-acetate was used as the sulfurizing agent. 

The breaking strength of the Catalyst-3l was 1 .5 kg/mm or more. 

Regarding the active metal content in the Cataiyst-31. molybdenum content was 15 %. by weight^as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. ihe 
maount of 2-ethythexyl mercapto-acetate used was 1 .5 times of the theoretical amount of sulfur necessary 
to convert Mo and Co into M0S3 and CoS, respectively. 

The desulfurization percentage with the Catalyst-31 was 81.2 %. 



JO EXAMPLE 32: (Method VIII) 

Catalyst-32 was prepared in the same manner as Example 16, except that 120.9 g of methyl 3- 
mercapto-propionate wag used as the sulfurizing agent. 

The breaking strength of the Cataiyst-32 was 1.5 kg/mm or more. 
J5 Regarding the active metal content in the Catalyst-32. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of methyl 3-mercapto-propionate used was 1 .5 times of the theoretical amount of sulfur necessary 
to convert Mo and Co Into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-32 was 81.2 %. 

20 

EXAMPLE 33: {Method IX) 

Catalsyt-33 was obtained In the same manner as Example 17. except that 106.8 g of methyl mercapto- 
25 acetate was used as the sulfurizing agent. 

The breaking strength of the Catatyst-33 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-33. molybdenum content was 15 % by weight as 
MoOa, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of methyl mercapto-acetate used was 1 .5 times of the theoretical amount of sulfur necessary to 
30 convert Mo and Co into MoS^ and CoS, respectively.- ' ^ 

The desulfurization percentage with the Cataiyst-33 was 81.9 %. 



EXAMPLE 34: (Method X) 

JS 

Catalyst-34 was prepared in the same manner as Example 18, except that 120.9 g of methyJ 3- 
mercapto-propionate was used as the sulfurizing agent 

The breaking strength of the Catalyst 34 was 1 .5 kg/mm or more. . 

Regarding the active metal content in the Catalyst-34, molybdenum content was 15 % by weight as 
40 M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as Pa Os- The 
amount of methyl 3-mercapto-proplonate used was1.S.times of the theoretical amount of suifur necessary to 
convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-34 was 80,9 %. 



EXAMPLE 35: (Method I) 

Catalyst-35 was prepared in the same manner as Example 1, except tatit 75.2 g of thioacetic acid w 
used as the sulfurizing agent. 

The breaking strength of the Catalyst-35 was 1.5 kg/mm or more. 
• Regarding the active metal content In the catalyst-35. molybdenum content was 15 % by weight 
M0O3 and cobalt contet was 4 % by weight as CoO. The amount of thioacetic acid used was 1.5 times 
the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization precentage with the Catalyst-35 was 82.8 %. 



EXAMPLE 36: (Method 1) 
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Catalyst-36 was prepared in the same manner as Example 2, except that 52.3 g of thioacetic acid was 
used as the sulfurizing agent 

The breaking strength of the Catalyst-36 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-36, tungsten content was 15 % by weight as WO3 
5 and cobalt content was 4 % by weight as CoO. The amount of thioacetic acid used was 1.5 times of the 
theoretical amount of sulfur necessary to convert W and Co into WS2 and CoS. respectively. 
The desulfurization percentage of the Catalyst-36 was 82.0 %. 



TO EXAMPLE 37: (Method II) 

Catatyst-37 was prepared in the same manner as Example 3, except that 75.2 g of thioacetic acid was 
used as the sulfurizing agent 

Ttie breaking strength of the Catalyst-37 was 1.5 kg/mm or more. 
75 Regarding the active metal content in the Catalyst-37, molybdenum content was 15 % by weight as 
MoOa and cobalt content was 4 % by weight as CoO. The amount of thioacetic acid used was 1.5 times of 
the theoretical amount of sulfur necessary to convert Mo and Co Into M0S2 and CoS, respectivley. 

The desulfurization percentage of the Catalyst-37 was 82.3 %. 

20 

EXAMPLE 38: (Method III) 

Catalyst-3a was prepared in the same manner as Example 4. except that 133.6 g of thiobenzoic acid 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-38 was 1.5 kg/mm or more. 

Regarding the active metai content in the Catalyst-38. molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of thiobenzoic acid used was 1.5 times 
of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS. respectively. 
The desulfurization percentage with the Catalyst-3a was 81 .9 %, - 1 



EXAMPLE 39: (Method W) 

Catalyst-39 was prepared in the same manner as Example 5. except that 78.2 g of thioacetic acid was 
35 used as the sulfurizing agent 

The breaking strength of the Catalyst-39 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-39, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PzOs. The 
amount of thioacetic add used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
40 and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-39 was 83.0 %. 

EXAMPLE 40: (Metfiod IV) 

45 

Catalyst-40 was prepared In the same manner as Example 8, except that 78.2 g of thioacetic acid was 
used as the sulfurizing agent 

The breaking stregntii of the Catalyst-40 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-40, molybdenum content was 15 % by weight as 
50 MoOs, cobaft coment was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of tiiioacetic acid used was 1 .5 times of tiie theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoS, respectively. 

The desulfurization percentage witti ttie Catalyst-40 was 83.6 %. 

55 

EXAMPLE 41_: (Method IV) 

Catalyst-41 was prepared in the same manner as Example 9. except that 139.0 g of thiobenzoic acid 

18 
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was used as the sulfurizing agent. 

The breaking strength of the Catalyst-41 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-41. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
5 amount of thiobenzoic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoO, respectively. 

The desulfurization percentage with the Cataly5t-41 was 85.8 %. 



w EXAMPLE 42: (Method iV) 

CataIyst-42 was prepared in the same manner as Example 5, except that 139.0 g of thiobenzoic acid 
was used as the sulfurizing agent. 

The breaking stregnth of the Cataiyst-42 was 1 .5 kg/mm or more, 
75 Regarding the active metal content in the Catalyst-42, molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of thiobenzoic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into MoSa and CoS. respectively. 

The desulfurization percentage with the Catalyst-42 was 83.8 %. 



EXAMPLE 43: (Method iV) 

Catalyst-43 was prepared in the same manner as Example 8, except taht 139.0 g of thiobenzoic acid 
25 was used as the sulfurizing agent 

The breaking strength of the Catalyst-43 was 1 .5 kg/mm or more. 

Regarding ttie active metal content in the Catalsyt-43. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight las P2OS. The 
amount of thiobenzoic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
30 and Co into M0S2 and CoS, respectively. > 1 

The desulfurization percentage with the Catalyst-43 was 34.2 %. . 



EXAMPLE 44: (Method IV) 

35 

Cataiyst-44 was prepared in the same rhanner as Example 13. except that 110.9 g of thioacetic acid 
was used as the sulfurizing agent. 

The breaking strength of the Catalyst-44 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-44. molybdenum content was 20 % by weight as 
40 M0O3. nickel content was 4 % by weight as NiO and phosphorus conttent was 6.5 % by weight as P2O5. 
The amount of thioacetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Ni into MoSa and NiS, respectively. 

The desulfurization percentage with the Catalyst-44 was 80.5 %. 



45 



EXAMPLE 45; (Method V) 



Catalyst-45 was prepared in the same manner as Example 1 3, except that 78.2 g of thioacetic acid was 
used as the sulfurizing agent. 
50 The breaking strength of the Catalyst-45 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-45. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs- The 
amount of thioacetic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into MoSz and CoS, respectively. 
55 The desulfurization percentage with the Catalyst-45 was 81.5 %. 



EXAMPLE 46: (Method VI) 
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Cataiyst-46 was prepared in the same manner as Example i4, except that 139.0 g of thiobenzoic acid 
was used as the suifurizing agent 

The breaking strength of the Catalyst-46 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-46, molybdenum content was 15 % by weight as 
5 M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs- The 
amount of thiobenzoic acid used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoS, respectively. 

The desulfurlzation percentage with the Catalyst-46 was 83.1 %. 

TO 

EXAMPLE 47: {Method Vll) 

Catalyst-47 was prepared in the same manner as Example 1 5, except that 78.2 g of thioacetic acid was 
used as the sulfurizing agent. 
IS The breaking strength of the Catalyst-47 was 1.5 kg/'mm or more. 

Regarding the active metal content in the Catalyst-47, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of thioacetic acid used was 1 .t times of the theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoS, respectively. 
20 The desulfurization percentage with ttie Catalyst-47 was 82.5 %. 



EXAMPLE 48: (Method VIII) 

25 C3talyst-48 was prepared in the same manner as Example 16, except that 78.2 g of thioacetic acid was 
used as the sulfurizing agent. 

, The breaking strength of the Catalyst-48 was 1.5 kg/mm or more. 

Regarding the active metal content in the Cataiyst-4B, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PsOsi The 
30 amount of thioacetic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co Into MpSa and CoS, respectively. 

The desulfurization percentage with the Catalyst-48 was 82.5 %. 



35 EXAMPLE 49: (Method iX) 

Catalyst-49 was prepared in the same manner as Example 17, except that 78.2 g of thioacetic acid 
used as the sulfurizing agent 

The breaking strength of the Catalyst-49 was 1.5 kg/mm or more. 
40 Regarding the active metal content in the Catalyst-49, molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PzOs. The 
amount of thioacetic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-49 was 82.8 %. 



EXAMPLE 50: (Method X) 

Catalyst-50 was prepared in the same manner as Example 18. except taht 78.2 g of thioacetic acid was 
so used as the sulfurizing agent 

The breaking strength of the Catalyst-50 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-50, molybdenum content was 15 % by weight as 
M0O3. cobaft content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of thioacetic acid used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
55 and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-50 was 82.5 %. 
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EXAMPLE 51_; (Method I) 

Cataiyst-51 was prepared in the same manner as Example 1, except that 74.6 g of 2-aminoehtanethiol 
was used as the suifurizing agent. 
5 The breaking strength of the Catalyst-51 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-51, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of 2-aminoethanethiol used was 1.5 
times of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, respectively. 

The desuifurizatlon percentage with the Catalyst-51 was 81.8 % 

JO 

EXAMPLE 52: (Method I) 

Catalyst-52 was prepared in the same manner as Example 2. except that 52.1 g of 2-aminoethanethiol 
IS was used as the sulfurtzing agent. 

The breaking strength of the Catalyst-52 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-52. tungsten content was 1 5 % by weight as WO3 
and cobalt content was 4 % by weight as CoO. The amount of 2-aniinothanethiol used was 1.5 times of the 
theoretical amount of sulfur necessary to convert S and Co into SW2 and CoS, respectively. 
20 The desulfurization percentage with the Catalyst-52 was 81.5 %. 



EXAMPLE 53: (Method II) 

25 Catalyst-53 was prepared in the same manner as Example 3, except that 74.6 g of 2-amlnoethanethiol 
was used as the sulfuhzing agent. 

The breaking strength of the Catalyst-53 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-53, molybdenum content was 15 %iby weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of 2-aminoehtanethiol used was 1.5 
30 times of the theoretical amuont of sulfur necessary for converting Mo and Co into M0S2 and CoS, 
respectively. 

The desulfurization percentage with the Catatyst-53 was 81.5 %. 



35 EXAMPLE 54: (Method III) 

Catalyst-54 was prepared in the same manner as Example 4. except that 121.2 g of 4-aminothiophenot 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-54 was 1 .5 kg/mm or more. 
40 Regarding the active metaJ content in the Catalyst-54, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The 4-aminothiophenol used was 1 .5 times of the 
theoretical amount of sulfur necessary to convert Mo and Co into MoSz and CoS, respectively. 

The desulfurization percentage of the catalyst 54 was 81.3 %. 

EXAMPLE 55: (Method IV) 

Catalyst-5Swas prepared in the same manner as Example 5. except that 77.6 g of 2-aminoehtanethiol 
was used as the sulfurizing agent 
so The breaking strength of the Catalyst-55 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-55, molybdenum content was 15 % by weight as 
MoOa.- cobalt content was 4 % by weight and phosphorus content was 3 % by weight as P2O5. The amount 
of 2-aminoethanethiol used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo and 
Co into M0S2 and CoS, respectively. 
55 The desulfurization percentage with the Catalyst-55 was 81.8 %. 



EXAMPLE 56: (Method IV) 
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Catalyst-56 was prepared in the same manner as Example 3, except that 77.6 g of 2-aminoethanethiol 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-56 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-56. molybdenum content was 15 % by weight as 
5 M0O2. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of 2-aminoethanethiol used was 1 .5 times of sulfur necessary to convert Mo and Co into M0S2 and 
CoS. respectively. 

The deesulfurizatlon percentage with the Catalyst-56 was 32.5 %. 

10 

EXAMPLE 57: (Method IV) 

Catalyst-57 was prepared in the same manner as Example 9. except that 125.9 g of 4-mainothiophenol 
was used as the sulfurizing agent. 
75 The breaking strength of the Catalyst-57 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Cataiyst-57, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of 4-aminothio phenol used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co Into M0S2 and CoS, respectively. 
20 The desulfurization percentage with the Catalyst-57 was 83.8 %. 



EXAMPLE 58: (Method IV) 

25 Catalyst-58 was prepared in the same manner as Example 5, except that 125.9 g of 4-aminothiophenol 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-58 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-58. molybdenum content was 1 5 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2OI. The 
30 amount of 4-aminothlo phenol used was 1.5 times of the theoretical amount of sulfur necessry to convert Mo 
and Co into MoSz and CoS, respectively. 

The desulfurization percentage with the Catalsyt-58 was 82,6 %. 



35 EXAMPLE 59: (Method iV) 

Catalyst-59 was prepared in the same manner as Example 8, except that 125.9 g of 4-aminothiophenol 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-59 was 1.5 kg/mm or more. 
40 Regarding the active metal content in the Catalyst-59, molybdenum content was 15 % byweight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 4-aminothiophenol used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS. 

The desulfurization percentage with the Catalyst-59 was 83.5 %. 



EXAMPLE 60: (Method IV) 

Catalyst-60 was prepared in the same manner as Example 12, except that 110.1 g of 2-aminoeh- 
so tanethiol was used as the sulfurizing agent 

The breaking strength of the Catalyst-60 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-60, molybdenum content was 20 % by weight as 
MoOa. nickel content was 4 % by weight as NiO and phosphoms content was 6.5 % by weight as PaOs. 
The amount of 2-aminoethanethiol used was 1.5 times of the theoretical amount of sulfur necessary to 
55 convert Mo and Ni to MoS2 and NiS, respectively. 

The desulfurization percentage with the Catalyst-60 was 77.8 %. 
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EXAMPLE 61_: (Method V) 

Cataiyst-61 was prepared in the same manner as Example 13, except mat 77.6 g of 2-aminoethanethiol 
was used as the suKurizing agent, 
s The breaking strength of the Cataiyst-61 was "1 .5 kg/mm or more. 

Regarding the active metal content in the Cataiyst-61, molybdenum content was 15 % by weight as 
Mo03. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of 2-aminoethanethiol used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, resepctively. 
10 The desulfurization percentage with the Cataiyst-61 was 82.0 %. 



EXAMPLE 62: {Method Vt) 

75 Catalyst-62 was prepared in the same manner as Example 14, except that 125.9 g of 4-aminothiophenol 
was used as the sulfurizing agent. 

The breaking strength of the Catalyst-62 was 1.5 kg/mm or more. 

Regarding the activemetai content in the Catalyst-62, molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphoms content was 3 % by weight as PzOs. The 
20 amount of 4-aminothlophenol used was 1.5 times of the theoreticai amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS. respectively. 

The desuifurization percentage with the catiayst-62 was 83.2 %. 



25 EXAMPLE 63: (Method VII) 

Catalyst-63 was prepared in the same manner as Example 15, except that 77.6 g of 2-aminoethan0thiol 
was used as ttie su If urizing agent . 

The breaking, strength of the Catalyst-63 was 1.5 kg/mm or more. 
30 Regarding the active metal content in the Catalyst-63, molybdenum content was 15.^« by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 2-aminoethanethiol used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Cataiyst-63 was 81.8 %. 



EXAMPLE 64: (Method VIII) 

Catalyst-64 was prepared in the same manner as Example 16. except that 77.6 g of 2-aminoethanethiol 
40 was used as the sulfurizing agent 

The breaking strength of the Catalyst-64 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-64, molybdenum content was 15 % by weight as 
• M0O3. cobalt content was 4 % by weight as CoO and phosphonjs content was 3 % by weight as P2O5. The 
amount of 2-aminoethanethiol used was 1.5 times of the theoretical amount of sulfur necessary to convert 
45 Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Cataiyst-64 was 81.9 %. 



EXAMPLE 65: (Method IX) 

so 

Catalyst-65 was prepared in the same manner as Example 17, except that 77.6 g of 2-aminoethanethiOl 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-65 was 1.5 kg/mm or more. 

Regarding the active metal content In the Catalyst-65, molybdenum content was 15 % by weigth as 
55 M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PzOs. The 
amount of 2-aminoethanethiol used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-65 was 81.6 %. 
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EXAMPLE 66: (Method X) 

Catatyst-66 was prepared in the same manner as Example 18. except that 77.5 g of 2-aminoethan8thiol 
was used as the sulfurizing agent. 
5 The breaking strength of the Catalyst wasl.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-66, molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphoms conterit was 3 % by weight as P3O5. The 
amount of 2-amlnoethanethiol used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, respectively, 
10 The desulfurization percentage with the Cataiyst-66 was 81.5 %. 



EXAMPLE 67: (Method I) 



75 Cataiyst-67 was prepared In the same manner as Example 1, except that 45.5 g of ethanedithiol was 
used as the suifurizing agent 

The breaking strength of the Catalyst-67 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-67, molybdenum content was 15 % by weight as 
MoOs and cobait content was 4 % by weight as CoO. The amount of ethanedithiol used was 1 .5 times of 
20 the theoretical amount of sulfur necessary to convert Mo and Co into MoSj and CoS, respectively. 
The desulfurization percentage with the Catalyst-67. was 86.0 %. 



EXAMPLE 68: (Mehtod !) 

25 

Catalyst-68 was prepared in the same manner as Example 2, except that 31.8 g of ethanedithiol was 
used as the sulhjrizing agent. -i 
The breaking strength of the Cataiyst-6a was 1 .5 kg/mm or more. 

Regarding ttie active metal content in the CataJy5t-68, tungsten content was 15 % by weight a^WOa 
30 and cobalt content was 4 % by weight as CoO. The amount of ethanedithiol used was 1.5 times of the 
theoretical amount of sulfur necessary to convert W and Co into WS2 and CoS, respectively. 
Teh desulfurization percentage with the Catalyst-68 was 84.5 %. 



35 EXAMPLE 69: (Method I) 

Catalyst-69 was prepared in the same manner as Exanriple 1 . except tiiat 76.5 g of 2-mercaptoetiianol 
was used as the suifurizing agent 

The breaking strength of the Catalyst-69 was 1 .5 kg/mm or more. 
40 Regarding the active metal content in the Cataly3t-69, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of 2-mercapto-ethanol used was 1.5 
times of the theoretical amount of sulfur necessary to convert Mo and Co into MoSz and CoS, respectively. 

The desulfurization percentage with the Catalyst-69 was 87.0 %. 

45 

EXAMPLE 70: (Method I) 

CataJyst-70 was prepared in the same manner as Example 2, except that 52.8 g of 2-mercaptoethanoI 
was used as the suifurizing agent 
50 The breaking strength of the CataJyst-70 was 1 .5 kg/mm or more. 

Regarding tiie active metal content in the Catalyst-70, tungsten content was 1 5 % by weight as WO3 
and cobalt content was 4 % by weight as CoO. The amount of 2-mercaptoetiianol used was 1 .5 times of 
theoretical amount of sulfur necessary to convert W and Co into WS2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-70 was 86.3 %. 

55 

EXAMPLE 71: (Method II) 
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Catalyst-71 was prepared in me same manner as Example 3. except that 45.5 g of ethanedithiol was 
used as the suifurizing agent 

The breaking strength of hte Catalyst-71 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-71, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of ethaneditioi used was 1.5 times of the 
theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-71 was 85.0 %. 



EXAMPLE 72: {Method II) 

Catalyst-72 was prepared in the same manner as Example 3, except that 104.6 g of 3-mercapto-1 ,2- 
propanedioi was used as the sulfurizing agent. 

The breaking strength of the Catalyst-72 was 1.5 kg/mm or more. ' 

Regarding the active metal content in the Catalsyt-72, molybdenum content was 15 % by weight as 
MoOa and cobalt content was 4 % by weight as CoO. The amount of 3-mercapto-1 ^-propanediol used was 
1.5 times of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, 
respectively. 

The desulfurization percentage with the Catalyst-73 was 84.0 %. 



EXAMPLE 73: {Method III) 

Catalsyt-73 was prepared in the same manner as Example 4, except that 59.1 g of 1 ,4-butanedithiol 
was used as the sulfurizing agent. 

The breaking strength of the Catalyst-73 was 1 .5 kg/mm or more. 

Regarding the active metal content In the Catalyst-73, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of 1 ,4-butanedithol used iwas 1 .5 times 
of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-73 was 83.5 %. .1 



EXAMPLE 74: (Method ill) 

Catalyst-74 was prepared in the same manner as Example 4, except that i 22.0 g of 4-mercaptophenol 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-74 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-74, molybdenum content was 15 % by weight as 
M0O3 and cobalt content was 4 % by weight as CoO. The amount of 4-mercaptophenol used was 1 .5 times 
of the theoretical amount of sulfur necessary to convert Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Cataiyst-74 was 84.0 %. 



EXAMPLE 75: (Method IV) 

Catalyst-75 was prepared in the same manner as Example 5, except that 47.3 g of ethanedithiol was 
used as the sulfurizing agent. 

The breaking strength of the Catalyst-75 was l .5 kg/mm or more. 

Regarding the active metal content In the Catalyst-75, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphonjs content was 3 % by weight as P2O5. The 
amount of ethanedithiol used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo and 
Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-75 was 87.0 %. 



EXAMPLE 76: (Method IV) 

CataIyst-76 was prepared in the same manner as Example 8. except that 61.4 g of 1 ,4-butanedithioi 
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was used as the sulfurizing agent 

The breaking strength of the Cata!yst-76 was 1.5 kg/mm or more. 

Regarding the active meiai content in the Catalyst-76, molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight and phosphorus content was 3 % by weight as p205..The amount 
5 of 1 .4-butanedithio! used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo and Co 
into M0S2 and CoS, resepctiveiy. 

The desulfurization percentage with the Catalyst-76 was 86.3 %. 

10 EXAMPLE 77: (Method IV) 

Catalyst-77 was prepared in the same manner as Example 9, except taht 78.3 g of 2-mercaptoethanol 
was used as the sulfurizing agent 

The breaking strength of the Catalyst-77 was 1.5 kg/mm or more. 
TS Regarding the active metal content in the Cataiyst-77. molybdenum content was 15 % by weight as 
MoO:. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of 2-mercaptoethanol used was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into MoSa and CoS. respectively. 

The desulfurization percetage with the Catalyst-77 was 88.0 %. 

20 

EXAMPLE 78: (Method IV) 

Catalyst-7a was prepared in the same manner as Example 5, except that 126.9 g of 4-mercaptophenoi 
25 was used as the sulfurizing agent 

The breaking strength of the Catalyst-78 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-78, molybdenum content was 15 % by weight as 
MoOa, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 4-mercaptDphenol used was 1.5 times of the theoretical amount of sulfur necessary to convert 
30 Mo and Co into M0S2 and CoS, respectively. 

The desulfurization percentage with the CataJyst-78 was 84.8 %. 

EXAMPLE 79: (Method IV) 

35 

Catalyst-79 was prepared in the same manner as Example 8, except that 108.9 g of 3-mercapto-1.2- 
propanediol was used as the sulfurizing agent 

The breaking strength of the Catalyst-79 was 1.5 kg/hnm or more. 

Regarding the active metal content in the Catalyst-79. molybdenum content was 15 % by weight as 
40 M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PzOs. The 
amount of 3-mercapto-l ,2-propanediol used was 1 .5 limes of the theoretical amount of sulfur necessary to 
convert Mo and Co Into M0S2 and CoS, respectively. 

The desulfurization percentage with the Catalyst-79 was 85.0 %. 

<5 

EXAMPLE 80: (Method IV) 

Catalyst-80 was prepared in the same manner as Example 12, except that 67.2 g of ethanedithiol was 
used as the sulfurizing agent 
50 The breaking strength of the Cataiyst-80 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-80. molybdenum content was 20 % by weight as 
M0O3. nickel content was 4 % by weight as NiO and phosphorus content was 6.5 % by weight as P2O3. 
The amount of ethanedithiol used was 1 .5 times of the theoretical amount of sulfur necessary to convert Mo 
and Ni into MoSj and NiS, respectively. 
55 The desulfurization percentage of the Cataiyst-80 was 83.7 %. 

EXAMPLE 81^: (Method IV) 
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Cataiyst-ai was prepared in the same manner as Example 12. except that 1 1 1 .6 g of 2-mercaptcethanoi 
was used as the sulfurizing agent. 

The breaking strength of the Cataiyst-ai was 1.5 kg/mm or more. 

Regarding the active metai content in the Catalyst-81. molybdenum content was 20 % by weight as 
5 M0O3. nickel content was 4 % by weight as NiO and phosphorus content was 6.5 % by weight as PaOs. 
The amount of 2-mercaptoethanol used was 1.5 times of the theoretical amount of su(fur necessary to 
convert Mo adn Ni into M0S2 and NiS, respectively. 

The desulfurization percentage with the Catalyst-81 was 82.0 %. 



EXAMPLE 82: (Method IV) 

Catalyst-82 was obtained in the same manner as Example 8, except that 126.9 g of 4-mercaptophenol 
was used as the sulfurizing agent. 

The breaking strength of the Cataiyst-82 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-82. molybdenum content was 15 % by weight as 
M0O2. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 4-mercaptophenol as used was 1.5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS. respectively. 

The desutfurization percentage with the Catalyst-82 was 86.7 %. 



EXAMPLE 83: (Method IV) 

Catalyst-83 was prepared in the same manner as Example 8, except taht 78.6 g of 2-mercaptoethanol 
was used as the sulfurizing agent 

The breaking strength of the cataiyst-83 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-83, molybdenum content was 15 %, by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight ast PaO?. 
The amount of 2-mercaptoethanol used was 1.5 times of the theoretical amount of sulfyr necessary to 
convert Mo and Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-83 was 87.6 %. 



05 EXAMPLE 84: (Method IV) 

Catalyst-84 was prepared in the same manner as Example 8. except that 47.3 g of ethanedlthiol was 
used as the sulfurizing agent 

The breaking strength of the Catalyst-84 was 1 .5 kg/mm or more. 
40 Regarcing the active metal content in the Catalyst-84. molybdenum content was 15 % by weight as 
M0O3, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PaOs. The 
amount of ethanedlthiol used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo and 
Co into M0S2 and CoS, resepctively. 

The desulfurization percentage with the Catalyst-84 was 89.S %. 

45 

EXAMPLE 85: (Method V) 

Catalyst-85 was prepared in the same manner as Example 13, except taht 47.3 g of ethanedlthiol was 
50 sued as the sulfurizing agent 

The breaking strength of the Catalyst-85 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-85, molybdenum content was 15 % by weight as 
M0O3 cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of ethanedlthiol used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo ad 
55 Co into M0S2 and CoS. respectively. 

The desulfurization percentage with the Catalyst-85 was 88.0 %. 
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EXAMPLE 85: (Method V) 

Catalyst-86 was prepared in the same manner as Example 13, except that 78.6 g of 2-mercaptoethanol 
was used as the suifurizing agent. 
5 The breaking strength of the Catalyst-SS was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst 86, molybdenum content was 15 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % byweight as PsOs. Tne 
amount of 2-mercaptoethanoi used was 1 .5 times of the theoreticaJ amount of sulfur necessary to convert 
Mo and Co into M0S2 and CoS, respectivley. 
JO Tne desuifurization percentage with the Catalsyt-86 was 85.0 %. 



EXAMPLE 87: (Method VI) 

15 CataJyst-87 was prepared in the same manner as Example 1 4. except that 61 A g of 4-butanedithlol was 
used as the suifurizing agent 

The breaking strength of the Catalyst-87 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-87, molybdenum content was 15 % by weight as 
M0O3, cobaft content was 4 % by weight as CoO and phosphoois content was 3 % by weight as P2OS. The 
20 amount of 4-butanedithiol used was 1,5 times of the theoretical amount of sulfur necessary to convert Mo 
and Co into M0S2 and CoS, respectively. 

The desuifurization percentage with the Catalyst-87 was 85.3 %. 



25 EXAMPLE 88: (Method VI!) 

Cataiyst-88 was prepared in the same manner as Example 15. except that 108.9 g of 3-mercapto-'1 ,2- 
propanediol was used as the suifurizing agent 

The breaking strength of the Catalyst-88 was 1.5 kg/mm or more. 1 
30 Regarding the active metal content in the Catalyst-88. molybdenum content was 15 % by weight as 
MoOg. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 3-mercapto-1,2-propanediol used was 1.5 times of the theoretical amount of sulfur necessary to 
convert Mo and Co Into M0S2 and CoS, respectively. 

The desuifurization percentage with the Catalyst-88 was 83.8 %. 



EXAMPLE 89: (Method VIII) 

CataIyst-89 was prepared In teh same manner as Example 16, except taht 126.9 g of 4-mercaptophenol 
40 was used as the suifurizing agent 

The breaking strength of the Catalyst-89 was 1.5 kg/mm or more. 

Regarding the active metal content in the Catalyst-89, molybdenum content was 15 % by weight as 
MoOg, cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 4-mercaptophenol used was 1 .5 limes of the theoretical amount of sulfur necessary to convert 
45 Mo and Co into M0S2 and CoS, respectively. 

The desuifurization percentage with the Catalyst-89 was 84.8 %. 



EXAMPLE 90: (Method IX) 

50 

CataIyst-90 was prepared in the same manner as Example 17. except taht 78.6 g of 2-mercaptoethanol 
was used as the suifurizing agent 

The breaking strength of the Catalyst-90 was 1.5 kg/mm or more. 

Regarding the active metal content in the catalyst-90, molybdenum content was 15 % by weight as 
55 M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as P2O5. The 
amount of 2-mercaptoethanol sued was 1 .5 times of the theoretical amount of sulfur necessary to convert 
Mo and Co into MoSz and CoS, respectively. 

The desuifurization percentage with the CataJyst-90 was 84.5 %. 
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EXAMPLE 91_: {Method X) 

Catalyst-91 was prepared in the same manner as Example 18, except that 47.3 g of ethanedithiol was 
used as the sulfurizing agent 
5 The breaking strength of the Catalyst-91 was 1 .5 kg/mm or more. 

Regarding the active metal content in the Catalyst-91 , molybdenum content was 1 5 % by weight as 
M0O3. cobalt content was 4 % by weight as CoO and phosphorus content was 3 % by weight as PjOs. The 
amount of ethanedithiol used was 1.5 times of the theoretical amount of sulfur necessary to convert Mo and 
Co into M0S2 and CoS, respectively. 
JO The desulfurization percentage with the Gatalyst-91 was 87.0 %. 



COMPARATIVE EXAMPLE 1: 

13 A commercial catalyst comprising 15 wt.% of M0O3 and 4 wt.% of CoO as carried on y-aiumina {KF- 
742. commercial product by Nippon Ketjen Co.) was prepared. 

The catalyst was presulfurized in accordance with the following condition: 
Sulfurizing Oil: , 

3 wt.% n-butylmercaptan/Kuwait Straight-run light gas oil 
20 Amount of Catalyst: 
3 ml 

Raw Material Oil Liquid Hourly Space Velocity: 
2.0 hr-' 

Reaction Pressure (Hydrogen Pressure): 
25 30 kg/cm^ 

Reaction Temperature: 
316*C 

Hydrogen/Oil Ratio; . 1 . 

300 N liter/liter 

30 . Oil Passing Time: > 1 

8hr 

The activity of the thus presulfurized catalyst was evaluated In the same manner as In the above- 
mentioend examples. As a result the desulfurization percentage was 82.4 %. 
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COMPARATIVE EXAMPLE 2: 



100 g of shaped yaiumina carrier having a relative surface area of 280 mVg and a pore volume of 0.75 
ml/g was impregnated with 80 ml of a processing liquid prepared from 19.2 g of molybdenum trioxide, 8.2 g 

40 of cobalt carbonate having Co-cotent of 49.1 wt.%, 6.2 g of 85 wt.% phosphoric acid and water and dried at 
110* C for 16 hours and thereafter fired at 500* C for 2 hours. Accordingly, a catalyst containing 15 % by 
weight of MoOa, 4 % by weight of CoO and 3 % by weight of P2O5 was obtained. 

The catalyst was presulfurized in the same manner as in the above-mentioned Comaprativ© Example 1 
and the activity of the thus presulfurized catalyst was evaluated in the same manner as in the above- 

45 mentioned examples. As a result, the desulfurization percentage was 80.4 %. 

. It takes about 8 hours or so to presulfurize the conventional catalysts. In the case of the catalyst 
disclosed in the above-mentioned Japanese Patent Publication No. 61-111144 must be fired for at least 1 
hour after it was Impregnated with a sulfurizing agent As opposed to them, the catalysts of the present 
invention require neither presulfurization nor firing and can directly be applied to hydrotreatment.as they are 

so prepared by the use of an orgnaic compound having one or two sulfurs as a sulfurizing agent Accordingly, 
the catalysts of the present invention are more economical than the conventional catalysts. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
deparing from the spirit and scope thereof. 



Claims 
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1 . A catalyst for hydrotreating hydrocarbons, which comprises a shaped body of a mixture composed or 
a carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium, at 
least one selected from water-soluble compounds of metals of Group VI and Group VI II of the Periodic 
Table and at least one organic compound selected from the group consisting of mercapto-carboxylic acids 

5 of a general fonmula: 
HS-{CH2)„-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metla. an 
alkaline earth metal, an ammonium group, or an alkyi group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

70 r'-cosh 

where R represents a monovalent hydrocarbon group having form 1 to 1 5 carbon atoms, 

ami no-substituted mercaptans of a general formula: 

HjN-r'-SH 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms. 
75 dimercaptans of a general formula: 

hs-r'-hs 

where R represents a divalent hydrocarison group having from 1 to 15 carbon atoms, and . 

mercapto-alcohols of a general fromula: 

RaS-R--<OH)n 

20 where R" represents an alkyI group having form 1 to 1 5 carbon atoms, or a phenyl group; Ra represents a 
hydrogen atom or an alkyi group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2. 

2. The catalyst for hydrotreating hydrocartjons as claimed in claim 1, in which the oxide of aluminium 
and/or oxide hydrate of aluminium for constituting the carrier substance Is(are) at least one selected from 7- 

25 alumina, dehydrated boehmite and spray-dried boehmite. 

3- The catalyst for hydrotreating hydrocarbons as claimed in claim 1. in whldi the water-soluble 
compounds of metals of Group VI of the Periodic Table are at least one selected from ammonium 
molybdate and ammonium tungstate, and ammonium molybdate and ammonium tungstete as prepared by 
treating molybdenum trioxide and tungsten trioxide, respectively, with ammonia gas; and the water-soluble 

30 compounds of metaJs of Group VIII of the Periodic Table are at least one selected from cobalt nitrate, cobalt 
carbonate, nickel nitrate and nickel carbonate; the mixture of constituting the shaped body containing at 
least one selected from the said water-soluble compounds. 

4. The catalyst for hydrotreating hydrocarbons as claimed in claim 1 . in which the mercapto-carboxylic 
acids of a general formula: 

35 SH.{CH2)n-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
aikaline earth metal, an ammonium group, or an alkyI group having from 1 to 10 carijon atoms, are at least 
one selected from mercapto-acetic acid and jS-mercapto-propionic acid and alkali metal salts, alkaline earth 
metai salts and ammonium salts thereof and methyl mercapto-acetate. ethyl 2-mercapto-acBtate, 2- 
ethylhexyl mercapto-acetate and methyl S-mercapto-propionate, 

5. The catalyst for hydrotreating hydrocarbons as claimed in claim 1, in which the thio-acids of a 
general formula: 

r'-cosh 

where R represents a monovaJent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from thio-acetic acid and thio-benzoic acid. 

6. The catalyst for hydrotreating hydrocarbons as claimed in claim 1, in which the ami no-substituted 
mercaptans of a general formula: 
HzN-r'-SH 

where R represente a divalent hydrocart>on group having from 1 to 15 carbon atoms, are at least one 
selected from a-aminoethanethiol and 4-aminothiophenol. 

7. The catalyst for hydrotreating hydrocarbons as claimed in claim 1 , in which the dimercaptans of a 
general formula: 

hs-r'-sh 

a 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from ethanedithtol and 1,4-butanedithiol. 

8. The catalyst for hydrotreating hydrcarbons as claimed in claim 1 , in which the mercapto-alcohols of a 
general formula: 
RaS-R--{OH)„ 
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where R* represents an alkyl group having from 1 to 1 5 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyl group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, are at least one selected from 2-mercaptoethanol. 2-(methylthio)ethanoi. 2-{ethylthio)ethanol. 3-mercapto- 
2-butanoi. 4-mercaptophenol. 2-(methyIthio)phenoI. 4-(methylthio)pheno{. 2-(ethytthio)phenQl, 3-mercapto- 
5 1 ,2-propanediol. 3-methylthio-1 .2-propanediol and 3-ethylthio-1 .2-propanediol. 

9. The catalyst for hydrotreating hydrocarbons as claimed In claim 1. in which the content of the metals 
of the Groups VI and VIII of the Periodic Table is from 1 to 30 % by weight as the metal oxide, when the 
catalyst contains one metal of them, or the content of the metal of Group VI is from 5 to 30 % by weight as 
the metal oxide and that of the metal of Group VIII is from 1 to 8 % by weight as the metal oxide when the 

10 catalyst contains both the metals of Groups VI and VII!. 

10. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 
blended and kneaded with a solution containing at least one selected from water-soluble compounds of 
metals of Group VI and Group Vlil of the Periodic Table and at least one organic compound selected from 

)5 the group consisting of mercapto-carboxylic acids of a general formula: 
HS-(CH2)„-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alkyl group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

20 r'-cosh 

where r' represents a monovalent hydrocarbon group having from 1 to 1 5 carbon atoms, 

ami no- substituted mercaptans of a general formula: 

H2N-R''-SH 

where R* represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
25 dimercaptans of a general formula: 
HS-R"-SH 

where R* represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, and 
mercapto-alcohols of a general formula: -i. 
RaS-R--{OH)n 

30 where R" 'represents an alkyl group having from 1 to 15 carbon atoms or a phenyl group; Ba represents a 
hydrogen atom or an alkyi group having from 1 to 2 carbon atoms; and n represents an integer of from i to 
2, 

arid the resulting blend is shaped and dried to prepare the said catalyst 

11. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
3S carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 

blended and kneaded with an aqueous solution of at least one selected from water-soluble compounds of 
metals of Group Vi and Group Vlll of tJie Periodic Table, the resulting blend is shaped and then temporarily 
dried, and the thus dried shaped body is impregnated with a solution of at least one organic compound 
selected from the group consisting of mercapto-carboxylic acids of a general formula: 
40 HS-{CH2)„-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alky! group having from 1 to 10 carbon atoms, 
thio-acids of a general fonnula: 

r'-cosh 

45 where r' represents a monovalent hydrocarbon group having from 1 to 1 5 carbon atoms, 
amino-substituted mercaptans of a general formula: 
H2N-R''-SH 

where R' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
dimercaptans of a general formula: 

50 hs-r'-sh 

where r" represents a divalent hydrocarbon group ahving from 1 to 1 5 carbon atoms, and 

mercapto-alcohols of a general formula: 

RaS-R--{OH)„ 

where R" represents an alkyl group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
55 hydorgen atom or an alkyl group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2. 

and then again dried to prepare the said catalyst 

12. A method for preparing a catalyst for hydrotreating hydrocarbon, which Is characterized in that a 
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carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 
blended and kneaded with an aqueous solution of at least one organic compound selected from the group 
consisting of mercapto-carboxylic acids of a general fromula: 
HS-{CH2)„-CO0R- 

5 where n represents an integer of from 1 to 3; and R represents a hydrogen atom, an alkali metal, an alklaine 
earth metal, an ammonium group, or an alkyi group having from 1 to 10 carbon atoms, 
thio-adds of a general fromula: 

r'-cosh 

v/here 1=1 represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 
TO amino-substituted mercaptans of a general fonmula: 
HsN-r'-SH 

M 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
dimercaptans of a general formula: 

hs-r"-sh 

75 where R represents a divalent hydrocarbon group having from 1 to 1 5 carbon atoms, and 
mercapto-aicohols of a general formula: 
RaS-R--(OH)„ 

where R" represents an alkyl group having from 1 to 1 5 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyl group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
20 2,. 

the resulting belnd is shaped and then temporarily dried, and the thus dried shaped body is impregnated 
with an aqueous solution of at least one selected from water-soluble compounds of metals of Group VI and 
Group VIII of the Periodic Table, and then again dried to prepare the said catalyst 

13. The method for preparing a catalyst for hydrogenation of hydrocarbons as claimed in anyone of 
25 claims 10 to 12, in which the oxide of aluminium and/or oxide hydrate of aluminium for constituting the 

carrier substance is (are) at least one selected from T-alumina. dehydrated boehmite and spray-dried 
boehmite. 

14. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12, in which the water-soluble compounds of rnetals of Group VI of the Periodic Table are at least one 

30 selected from ammonium molybdate and ammonium tungstate, and ammonium molybdate and ammonium 
tungstate as prepared by treating molybdenum trioxide and tungsten tioxide, respectively, with ammonia 
gas: and the water-soluble compounds of metals of Group VIII of the Periodic Table are at least one 
selected from cobalt nitrate, cobalt carbonate, nickel nitrate and nickel carbonate; the said aqueous solution 
containing at least one selected from the said water-sofbule compounds. 

35 15. The metbod for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12, in which the mercapto-cart:oxylic acids of a general formula; 
HS-(CH2)„-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alkyl group having from i to 10 carbon atoms, are at least 
40 one selected from mercapto-acefc acid and ;3-mercapto-propionic acid and alkali metal salts, alkaline eanh 
metal salts and ammonium salts thereof and methyl mercapto-acetate, ethyl 2-mercapto-acetate, 2- 
ethylhexyl mercapto-acetate and methyl 3-mercapto-propionate. 

16. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12, in which the thio-acids of a general fomnula: 

45 r'-cosh 

where R represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from thio-acetic acid and Ihio-bsnzoic acid. 

17. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12, in which the amino-substituted mercaptans of a general fomiuia: 

50 HzN-R'-SH 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from 2-aminoethanethiol and 4-aminothiophenol. 

18. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12, in which the dimercaptans of a general formula: 

55 hs-r'-sh 

If 

where R represents a divalent hydrocarbon group having from 1 to IS carbon atoms, are at least one 
selected from ethanedithiol and 1,4-butanedithiol. 

19. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
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10 to 12, in which the mercapto-aicohols of a general formula: 
RaS-R--(OH)„ 

where R" represents an alky! group having from 1 to 15 carbon atoms or a phenyl group: Ra represents a 
hydrogen atom or an alkyi group having from 1 to 2 carbon atoms: and n represents an integer of from 1 to 
5 2. are at least one selected from 2-mercaptoet)ianol. 2-{methyithio)etlianol. 2-(ethylthlo)ethanol, 3-mercapto- 
2-butanoi. 4-mercaptophenol. 2-{methyithio)phenot, 4-(methyithio)pfienol, 2-{ettiylthio)phenol. 3-mercapto- 
1 ,2-propanediol, 3-methylthio-1 ,2-propanediol and 3-ethyitMo-1 ,2-propanediol 

20. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
10 to 12. in which the content of the metals of Groups VI and VIII of the Periodic Table in the catalyst is 

TO from 1 to 30 % by weight as the metal oxide, when the catalyst contains one metal of them, or the content 
of the metaJ of Group Vi in the catalyst is from 5 to 30 % by weight as the metal oxide and that of the metal 
of Group VIII therein is from 1 to 8 % by weight as the metal oxide when the catalyst contains both the 
metals of Groups VI and VIII. 

21. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
15 10 to 12, in which the amount of the mercapto-carboxytic acids and other sulfurizing agents is from 1 to 3 

equivalent times of the amount of the sulfur necessary for forming sulfides of the metals of Groups V! and 
VIII of the Periodic Table, the said sulfides being high active in hydrogenation reaction. 

22. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
1 0 to 12. in which the drying temperature falls within the scope of from 50 to 200 * C and the drying time 

20 falls within the scope of from 2 to 20 hours. 

23. A catalyst for hydrotreating hydrocarbons, which comprises a shaped body of a mixture composed 
of a carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium, 
at least one selected from water-solubie compounds of metals of Group VI and Group VIII of the Periodic 
Table, phosphoric acid and at least one organic compound sslected from the group consisting of mercapto- 

25 carboxylic acids of a general fonmula: 
HS-{CH2)„-C00R 

where n represents an integer of from 1 to 3: and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alkyI group having from 1 to 10 carbon atomsv 
thio-acids of a general formula: 

30 r'-cosh ^ ^ 

where R' represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 
amino-substituted mercaptans of a general formula: 
HsN-r'-SH 

■ where r" represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
35 dimercaptans of a general formula; 

hs-r'-sh 

where r' represents a divalent hydrocarbon group having from 1 to 1 5 carbon atoms, and 

mercapto-aicohols of a general formula: 

RaS-R--{OH)„ 

40 where R' represents an alkyI group having from 1 to 1-5 carbon atoms, or a phenyl group; Ra represents a 
hydrogen atom or an aikyi group having from 1 to 2 carbon atoms: and n represents an Integer of from 1 to 
2. 

24. The catalyst for hydrotreating hydrocarbons as claimed in claim 23. in which the oxide of aluminium 
and/or oxide hydrate of aluminium for constituting the carreri substance is(are) at least one selected form •>-- 

45 alumina, dehydrated boehmlte and spray-dried boehmite. 

25. The catalsyt for hydrotreating hydrocarbons as claimed in claim 23, in which the water-solbule 
compounds of metals of Group VI of the Periodic Table are at least one selected from ammonium 
molybdate and ammonium tungstate. and ammonium molybdate and ammonium tungstate as prepared by 
treating molybdenum trioxide and tungsten trioxide, respectively, with ammonia gas; and the water-solubie 

so compounds of metals of Group VIII of the Periodic Table are at least one selected from cobalt nitrate, cobalt 
carbonate, nickel nitrate and nickel carbonate: the mixture of constituting the shaped body containing at 
least one selected from the said water-soluble compounds, 

26. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the mercapto- 
carboxyiic acids of a general formula: 

55 HS-(CH2)„-C00R 

where n represents an Integer of from 1 to 3; and R represents a hydrogen atom, or an alkail metsi, an 
alkaline earth metal, an ammonium group, an alkyI group having from 1 to 10 carbon atoms, are at least 
one selected from mercapto-acetic acid and ^-mercapto-propionic acid and alkail metal salts, alkaline earth 
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meda salts and ammonium salts thereof and methyl mercapto-acetate, ethyl 2-mercapto-acetate. 2- 
ethylhexyl mercapto-acetate and methyl 3-mercapto-propionate. 

27. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the thio-acids of a 
general fromula: 

5 r'-cosh 

v/here R represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from thio- acetic acid and thio-benzoic acid. 

28. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the amino-substituted 
mercaptans of a general formula: 

10 H2N-R"-SH 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from 2-aminoethanethio and 4-aminothiophenol. 

29. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the dimercaptans of a 
general fromula: 

75 HS-fl"-SH 

v/here R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from ethanedithiol and 1 ,4-butanedithiol. 

30. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the mercapto-alcohols 
of a general formula: 

20 RaS-R--<OH)„ 

where R" represents an alky! group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyi group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, are at least one selected from 2-mercaptoethanoI, 2-(methytthlo)ethanol. 2-{ethylthio)ethanol, 3-mercapto- 
2-butanol, 4-mercaptophenol, 2-{methylthio)phenol, 4-(methylthlo)phenol, 2-(ethylthjo)phenol, 3-mercapto- 
25 1 ,2- propanediol, 3-methy!thio-l ,2-propanediol and 3-ethylthio-l ,2-propanediol. 

31. The catalyst for hydrotreating hydrocarbons as claimed in claim 23, in which the content of the 
metals of the Groups VI and VIII of the Periodic Table is from 1 to 30 % by weight as the metal oxide, 
When the catalyst contains one metal of them, or the content of the metal of Group VI is fom 5 to 30 % by 
weight as the metal oxide and that of the metal of Group VIII is from 1 to 8 % by weight as the metaioxide 

30 when the catalyst contains both the metals of Groups VTand Vlll. 

3Z A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 
blended and kneaded with a solution containing at least one selected from water-soluble compounds of 
metals of Group VI and Group VIII of the Periodic Table, phosphoric acid and at least one organic 

35 compound selected from the group consisting of mercapto-carboxylic acids of a general formula: 
HS-(CH2)„-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metaJ, an ammonium group, or an alkyI group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

40 r'-cosh 

where R represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 

amino-substituted mercaptans of a general formula: 

HjN-r'-SH 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
45 dimercaptans of a general formula: 

hs-r'-sh 

where R represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, and 

mercapto-alcohols of a general formula: 

RaS-R--{OH)„ 

50 where r* represents an alkyi group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyI group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2. 

and the resulting blend is shaped and dried to prepare the said catalyst 

33. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
55 carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 
blended and kneaded with an aqueous solution comprising at least one selected from water-soluble 
compounds of metals of Group VI and Gropu Vlll of the Periodic Table and phosphoric add. the resulting 
blend is shaped and then temporarily dried, and the thus dried shaped body is impregnated witn a solution 
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of at least one organic compound selected from the group consisting of mercapto-carboxylic acids of a 

general formula: 

HS.(CH2}„-C0OR 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
5 alkaline earth metal, an ammonium group, or an alkyi group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

r'-cosh 

where r' represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 
ami no-substituted mercaptans of a general fromula: 
10 ■H2N-r"-SH 

where r" represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
dimercaptans of a general formula: 

hs-r''-sh 

where r" represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, and 
;5 mercapto-aicohols of a general formula: 
RaS-R"-(OH)„ 

where R" represents an aikyi group having from 1 to 15 carbpn atoms or a phenyl group; Ra represents a 
hydrogen atom or an aikyI group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2. 

20 and then again dried to prepare the said catalyst. 

34. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
carrier substance consisting ejssentailly of an oxide of aluminium and/or an oxide hydrate of aluminium is 
blended and kneaded with a solution comprising at least one selected from water-soluble compounds of 
metals of Group VI and Group VIII of the Periodic Table and at least one organic compound selected from 

25 the group consisting of mercapto-carboxylic acids of a general formula: 
HS-{CH2)„-C00R 

where n represents an integer of from 1 to 3: and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alky I group having from 1 to 10 carbon atom^. 
thio-acids of a general formula: 

. 30 r'-cosh 1 

where R' represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 

amino-substltuted mercaptans of a general formula: 

HzN-R'-SH 

where R' represents a divalent hydrocarobn group having from 1 to 15 carbon atoms. 
35 dimercaptans of a generia formula: 

hs-r'-sh 

where R' represents a divalent hydrocarbon group having from i to 15 carbon atoms, and 

mercapto-aicohols of a general formula: 

RaS-R--{OH)„ 

40 where R" represents an alkyI group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyl group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, the resulting blend is shaped and temporarily dried, and the thus dried shaped body is impregnated with 
an aqueous solution of phosphoric acid, and then again dried to prepare the said catalyst. 

35. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
45 carrier substance consisting essentially of an oxide of aluminium an/or an oxide hydrate of aluminium is 

blended and kneaded with a solution comprising phosphoric acid and at least one organic compound 

selected from the group conslsitng of mercapto-carboxylic acids of a general formula: 

HS-(CH2)n-C0OR 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
50 alkaline earth metal, an ammonium group, or an alkyl group having from 1 to 10 carbon atoms, 
thio-acids of a genera! formula: 

r'-cosh 

where R' represetns a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 
amino-substituted mercaptans of a general formula: 
55 HzN-r'-SH 

where r" represents a divalent hydrocarbon group having from 1 to 1 5 carbon atoms. 

dimercaptans of a general formula: 

hs-r'-sh 
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where r' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, and 

mercapto-alcohols of a general formula: 

RaS-R--(OH)„ 

where R' represents an alkyi group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
s hydrogen atom or an alkyI group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, the resulting blend is shaped and temporarily dried, and the thus dried shaped body is impregnated with 
an aqueous solution containing at least one selected from water-soluble compounds of metals of Group VI 
and Group VIII of the Periodic Table, and then again dried to prepare the said catalyst. 

36. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
70 carrier substance consisitng essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 

blended and kneaded with an aqueous solution of at least one selected from water-soluble compounds of 
metals of Group Vi and Group VIII of the Periodic Table, the resulting blend is shaped and temporarily 
dried, and the thus dried shaped body is impregnated with a solution comprising phosphoric acid and at 
least one organic compound selected from the group consisting of mercapto-carboxylic acids of a general 
15 formula: 

HS-(CH2)„-C00R 

where n represetns an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alkyI group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

20 r'-cosh 

where r' represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 

amino-substituted mercaptans of a general formula: 

HsN-R'-SH 

where r' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, 
25 dimercaptans of a general fromula: 

hs-r"-sh 

where R* represerrts a divalent hydorcarbon group having from 1 to 15 carbon atoms, and 

mercapto-alcohols of a general formula: 

RaS-R--{OH)a 

30 where R' represents an alkyi group having formi to 15 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyI group having from 1 to 2 carbon atoms; and n represents an Integer of from 1 to 
2, 

and then again dried to prepare the said catalyst 

37. A method for preparing a catalyst for hydrotreating hydrocarbons, which is characterized in that a 
35 carrier substance consisting essentially of an oxide of aluminium amd/or an oxide hydrate of aluminium is 

blended and kneaded with a solution of at least one organic compound selected from the group consisting 

of mercapto-carboxylic acids of a general formula: 

HS-(CH2)n-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
40 alkaline earth metal, an ammonium group, or an alkyI group having from 1 to 10 carbon atoms, 
thio-acids of a general fomnula: 
R-COSH 

where R represetns a monovalent hydrocarbon group having from 1 to 15 carbon atoms, 
amino-substituted mercaptans of a general formula: 
45 HzN-r'-SH 

where R* represents a divalent hydrocartxn group having from 1 to 15 carbon aotms. 
dimercaptans of a general formula: 

hs-r"-sh 

where r' represents a divalent hydrocarbon group having from 1 to 1 5 carbon atoms, and 
so mercapto-alcohols of a general formula: 
RaS-R--<OH)„ 

where R' represents an alkyI group having from 1 to 15 carbon atoms or a phenyl group; Ra represetns a 
hydrogen atom or an alkyl group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, the resulting blend is shaped .and temporarily dried, and the thus dried shaped body is impregnated with 
55 an aqueous solution comprising at least one selected from water-soluble compounds of metals of Group VI 
and Group VIII of the Periodic Table, and phosphoric acid, and then again dried ta prepare the said catalyst. 

38. A method for preparing a catalyst for hydrotreating hydrocartxns, which is characterized in that a 
carrier substance consisting essentially of an oxide of aluminium and/or an oxide hydrate of aluminium is 
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blended and kneaded with an aqueous solution of phosphoric acid, the resulting blend is shaped and 
temporarily dried, and the thus dried shaped body is impregnated witn a solution comprising at least one 
selected from water-soluble compounds of metals of Group VI and Group VIII of the Periodic Table and at 
' least one organic connpound selected from the group consisting of mercapto-carboxylic acids of a general 
5 fromula; 

HS-(CH2)n-C00R 

where n represents an integer of from 1 to 3; and R represents a hydrogen atom, an alkali metal, an alkaline 
earth metal, an ammonium group, or an alkyi group having from 1 to 10 carbon atoms, 
thio-acids of a general formula: 

10 r'-cosh 

where r' represents a monovalent hydrocarbon group having from l to 15 carbon atoms, 
amino-substituted mercaptans of a general formula: 

h^n-r'-sh 

where R' represents a divalent hydrocarbon group having from 1 to 1 5 carobn atoms, 
75 dimercaptans of a general formula: 

hs-r'-sh 

where r' represents a divalent hydrocarbon group having from 1 to 1 5 carbon atonns. and 
mercapto-alcohots of a general formula: _ . , 

RaS-R--{OH)n 

20 where R" represents an alkyl group having from 1 to 15 carbon atoms or a phenyl group; Ra represents a 
hydrogen atom or an alkyl group having from 1 to 2 carbon atoms: and n represents an integer of from 1 to 
2, . 

and then again dried to prepare the said catalyst 

39. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
25 32 to 38, in which the oxide of aluminium and/or oxide hydrate of aluminium for constituting the carrier 

substance is(are) at least one selected from 7-alumina. dehydrated boehmite and spray-dried boehmite. 

40. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38. in which the water-soluble compounds of metals of Group Vi of the Periodic Table are at least one- 
selected from ammonium molybdate and ammonium tungstate, and ammonium molybdate and ammonium 

20 tungstate as prepared by treating molybdenum' trioxide and tungsten trioxide, resepctively^ with ammonia 
gas; and the water-solbule compounds of metals of Group Vlll of the Periodic Table are at least one 
selected from cobalt nitrate, cobalt carbonate, nickel nitrate and nickel carbonate: the said aqueous solution 
- containing at least one selected from the said water-soluble compounds. 

41 . The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
35 32 to 38. in which the mercapto-carboxylic acids of a general formula: 

HS-(CH2)„-C00R 

where n represents an Integer of from 1 to 3; and R represents a hydrogen atom, or an alkali metal, an 
alkaline earth metal, an ammonium group, or an alkyl group having from 1 to 1 0 carbon atoms, are at least 
one selected from mercapto- acetic acid and ^-mercapto-propionic acid and alkali metal salts, alkaline ^arth 
40 metal salts and ammonium salts thereof and methyl mercapto-acetate, ethyl 2-mercapto-ac8tate, 2- 
ethylhexyl mercapto-acetate and methyl 3-mercapto-propionate. 

42. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38, in which the thio-acids of a general formula: 

r'-cosh 

45 where r' represents a monovalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from thio-acetic acid and thio-benzoic acid. 

43. The method for preparing a catalyst for hydrotreating hydrocarbons as daimed in anyone of claims 
32 to 38, in which the amino-substituted mercaptans of a general formula: 

HsN-R'-SH 

50 where R' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from 2-aminoethanethiol and 4-aminothiophenol 

44. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38. in which the dimercaptans of a general fomriula: 

HS-fl'-SH 

55 where r' represents a divalent hydrocarbon group having from 1 to 15 carbon atoms, are at least one 
selected from ethanedlthiol and 1 ,4-butandedilhiol. 

45. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38. in which the marcapto-alcohols of a general fomiula: 
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RaS-R--(OH)„ 

whero R' represents an aikyi group having from 1 to 1 5 carbon atoms or a phenyl group: Ha represents a 
hydrogen atom or an alkyi group having from 1 to 2 carbon atoms; and n represents an integer of from 1 to 
2, are at least one selected from 2-mercaptQethanol, 2-<methyithio)ethaoI, 2-(ethylthio)ethanol, 3-mercapto- 
5 2-butanol, 4-mercaptophenol, 2-{methylthio)pheno!, 4-{methylthio)phenol. 3-m9rcapto-1.2-propanediol, 3- 
methylthio-1 ,2-propanediol and 3-ethylthio-l,2-propanedioL 

46. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38, in which the content of the metals of Groups Vi and VIII of the Periodic Table in the catalsyt is 
from 1 to 30 % by weight as the metal oxide, when the catalyst contains one metal of them, or the content 

10 of the metal of Group VI in the catalyst is from 5 to 30 % by weight as the metal oxide and that of the metal 
of Group VIII therein is from 1 to 8 by weight as the metal oxide when the catalyst contains both the metals 
of Groups VI and VIIL 

47. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38, in which the amount of the mercapto-carboxylic acids and other sulfurizing agents is from 1 to 3 

75 equivalent times of the amount of the sulfur necessary for forming sulfides of the metals of Groups VI and 
VIII of the Periodic Table, the said sulfides being high active in hydrogenation reaction. 

48. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
32 to 38, in which the amount of the phosphoric acid is aljout 3 % by weight or so as PjOs 

49. The method for preparing a catalyst for hydrotreating hydrocarbons as claimed in anyone of claims 
20 32 to 38, in which the drying temperature falls within the range of from 50 to 200 * C and the drying time 

falls within the range of from 2 to 20 hours. 
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@ Catalysts for hyrfrotreating of hydrocarbons and methods of preparing the same. 

@ Disclosed are catalysts for hydrotreating hydrocarbons 
and methods for preparing the same, and the cataiyst is 
composed of a carrier substance consisting essentially of an 
oxide of aluminium and/or an oxide hydrate of aluminium, at 
least one selected from water-soluble compounds of metaJs of 
Group VI and Group VIII of the Periodic Table and at least one 
organic compounds selected from mercaplo-carboxylic acids 
of formula HS-{CH2)n-C00R (where n is 1 to 3; R is H, alkali 
metal, alkaline earth metal or ammonium gorup or alkyl group 
CO with 1-10 carbons) . thio-acida of formula R'-COSH (where R' Is 
^ monovalent hydorcarbon with 1-15 carbons), amino-8ut>- 
stituted mercaptans of formula H2N-R"-SH (R" is divalent 
JD hydrocarbon with 1-15 carbons), dimercaptans of formula 
w HS-R''-SH (R" is same as above) and mercapto-alcohols of 
formula (RaS-R''-(OH)n (where R* is hydrocarbon with 1-15 
carbons; Ra is H or alkyi group with 1-2 carbons; and n is 1-2). 
and optionally phosphoric acid. The cataiyst requires neither 
CO presulfurlzation nor heat-treatment and can directly be applied 
to hydrotreating hydrocarbons. 
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